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Preface

Endocrine-active compounds (EACs) are both naturally occurring and synthetic substances. Some
may, depending on the dose, interfere with the normal function of hormones in the endocrine
system. Public health concerns have resulted largely from studies indicating that animal
populations exposed to high levels of these substances, sometimes referred to as endocrine
disruptors (EDs), have an increased incidence of reproductive and developmental abnormalities
(EPA 1997; NRC 1999). In response to growing concerns about possible adverse health effects in
humans exposed to such substances, the U.S. Congress enacted relevant provisions to safeguard
public health in the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.); the Food
Quality Protection Act (7 U.S.C. 136); and the 1996 Amendments to the Safe Drinking Water Act
(110 Stat 1613). The U.S. Environmental Protection Agency (EPA) was required to develop and
validate a screening and testing program to identify substances with endocrine-disrupting activity.
The EPA subsequently established the Endocrine Disruptor Screening Program (EDSP) and
initiated efforts to standardize and validate test methods for inclusion in the EDSP (66 FR 23022).
Validation is necessary to assess the usefulness and limitations of a test method for a specific
proposed purpose and to characterize the extent to which test methods are sufficiently accurate
and reproducible for their intended use (ICCVAM 1997).

In April 2000, the EPA nominated four types of in vitro test methods for detecting substances
with potential endocrine-disrupting activity for review by the Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM). These included in vitro
estrogen receptor (ER) and androgen receptor (AR) binding and ER and AR transcriptional
activation (TA) test methods. The EPA also asked ICCVAM to develop performance standards
that could be used to define acceptable in vitro ER and AR binding and TA assays. It was
envisioned that these standards would be based on the performance of adequately validated in
vitro ER- and AR-based assays.

In 2002, the National Toxicology Program (NTP) Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) prepared background review documents (BRDs)
that included all available information on each of the four types of test methods (ICCVAM
2002d, 2002a, 2002c, 2002b). In a public meeting, an independent international expert panel
(Panel) reviewed the information on the 137 assays described in the BRDs and concluded that
there were no adequately validated in vitro ER- or AR-based test methods (ICCVAM 2002¢).
Based on recommendations from the Panel, ICCVAM published the ICCVAM Evaluation of In
Vitro Test Methods for Detecting Potential Endocrine Disruptors, which included a list of
reference substances that should be used to validate each of the four types of in vitro test methods
(ICCVAM 2003a). It also identified essential test method components that should be included in
each of the standardized test method protocols used for future validation studies. [ICCVAM
recommended that future performance standards for these methods be based on test methods that
have undergone adequate validation studies using the recommended accuracy chemicals and
essential test method components.

In January 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated the LUMI-
CELL® BG1Luc4E2 ER TA test method (BG1Luc ER TA test method) for an interlaboratory
validation study. ICCVAM and the Scientific Advisory Committee on Alternative Toxicological
Methods (SACATM) recommended that the BG1Luc ER TA test method be considered a high
priority for interlaboratory validation studies due to the lack of adequately validated test methods
and the regulatory and public health need for such test methods. NICEATM subsequently led and
coordinated an international validation study with its counterparts in Japan (JaCVAM) and
Europe (ECVAM), using laboratories sponsored by each validation organization. NICEATM
organized a validation Study Management Team (SMT) to oversee the scientific aspects of the

xvii
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validation study and coordinate the day-to-day activities among the participating laboratories. A
representative from the recently established Korean Center for the Validation of Alternative
Methods (KoCVAM) joined the SMT in 2010.

ICCVAM reviewed the validation status of the BG1Luc ER TA test method for identification of
substances with ER agonist or antagonist activity. NICEATM and the ICCVAM Interagency
Endocrine Disruptor Working Group (EDWG) prepared a draft BRD that provided a
comprehensive description and the data from the validation study used to assess the accuracy and
reliability of the BG1Luc ER TA test method.

NICEATM convened an independent international scientific peer review panel (Panel) that met in
public on March 29-30, 2011. The Panel was charged with reviewing the draft BRD for
completeness, assessing the extent that established validation and acceptance criteria were
adequately addressed, and determining the extent to which the data and information supported
draft ICCVAM test method recommendations on the usefulness and limitations of the BG1Luc
ER TA test method. The Panel also evaluated the proposed performance standards. The Panel
included expert scientists nominated by ECVAM, JaCVAM, and KoCVAM.

ICCVAM considered the conclusions and recommendations of the Panel, along with comments
from the public and SACATM, and then finalized the BRD and test method recommendations,
which are provided in this test method evaluation report. As required by the ICCVAM
Authorization Act (42 U.S.C. 285/-3), ICCVAM forwarded this report and recommendations to
Federal agencies for their consideration and acceptance decisions where appropriate. The
BG1Luc ER TA test method protocol and performance standards were also forwarded to the
Organisation for Economic Co-operation and Development (OECD) Test Guidelines Programme
for consideration and adoption as international testing guidelines.

We gratefully acknowledge the organizations and scientists who generated and provided data and
information for this document, especially the staff at the participating validation laboratories:
XDS, Inc., in Durham, North Carolina; Hiyoshi Corporation in Japan; and the In Vitro Methods
Unit at ECVAM in Italy. We would also like to recognize the efforts of the individuals who
contributed to its preparation, review, and revision. We thank Dr. David Hattan (U.S. Food and
Drug Administration) for serving as Chair of the EDWG, as well as the members of the EDWG
and ICCVAM representatives who subsequently reviewed and provided comments throughout the
process leading to this test method evaluation report. We also want to thank Dr. Warren Casey,
Deputy Director of NICEATM, for his excellent leadership and extensive efforts on this project.

Staff from the NICEATM support contractor, Integrated Laboratory Systems, Inc., are
acknowledged for their excellent scientific and operational support, including Drs. David Allen,
Jon Hamm, and Steven Morefield; Patricia Ceger, Frank Deal (until March 2011), Linda
Litchfield, Michael Paris, Catherine Sprankle, and Linda Wilson. Finally, we want to thank

Drs. Susanne Bremer and Elise Grignard, the EDWG liaisons from ECVAM, and Drs. Hajime
Kojima and Atsushi Ono, the EDWG liaisons from JaCVAM, for their participation and support.
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
has completed its evaluation of the validation status of the LUMI-CELL® BG1Luc4E2 estrogen
receptor (ER) transcriptional activation (TA) test method (hereafter BG1Luc ER TA test method)
as a screening test to identify substances with in vitro ER agonist and antagonist activity. The
BG1Luc ER TA test method uses BG-1 cells, a human ovarian adenocarcinoma cell line that is
stably transfected with an estrogen-responsive luminescence (luciferase reporter) gene, to
measure whether and how much a substance induces (agonist) or inhibits (antagonist) TA activity
via ER-mediated pathways. Such substances could interfere with the normal function of
hormones in the endocrine system (i.e., endocrine disruptors), which may lead to abnormal
growth, development, or reproduction.

This test method evaluation report provides ICCVAM’s recommendations for the BG1Luc ER
TA test method based on the results of an international validation study and the demonstrated
validity (usefulness and limitations). The report also includes (1) recommendations for future
studies, (2) performance standards to evaluate functionally and mechanistically similar test
methods, (3) protocols recommended by ICCVAM for future data collection and evaluation of the
BG1Luc ER TA test method, and (4) a final background review document (BRD) describing the
validation status of this test method.

In 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated the LUMI-CELL
ER test method to ICCVAM for an interlaboratory validation study. ICCVAM and the Scientific
Advisory Committee on Alternative Toxicological Methods (SACATM) recommended that the
BGI1Luc ER TA test method be considered a high priority for interlaboratory validation studies
based on the lack of adequately validated test methods and the regulatory and public health need
for such test methods.

When the BG1Luc ER TA validation study was initiated, no in vitro ER TA test methods were
considered adequately valid for regulatory use. Today, only one in vitro ER TA test method is
considered adequately validated by national and international agencies, the Organisation for
Economic Co-operation and Development (OECD) Stably Transfected Human Estrogen
Receptor-a Transcriptional Activation (STTA) Assay for the Detection of Estrogenic Agonist-
Activity, described in OECD Chemicals Test Guideline (TG) 455 (OECD 2009). Validated by the
Chemicals Evaluation and Research Institute (CERI, Japan), this method has been adopted by the
U.S. Environmental Protection Agency (EPA) as OPPTS 890.1300: Estrogen Receptor
Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009).

After recommendation by ICCVAM and SACATM, the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM) led and
coordinated an international validation study with its counterparts in Europe (the European Centre
for the Validation of Alternative Methods [ECVAMY]) and Japan (the Japanese Center for the
Evaluation of Alternative Methods [JaCVAM]) to assess the accuracy and reliability of the
BG1Luc ER TA test method for the qualitative detection of substances with in vitro ER agonist or
antagonist activity. The BG1Luc ER TA test method was evaluated using laboratories in the
United States (XDS), Europe (ECVAM), and Japan (Hiyoshi Corporation).

The validation study proceeded in four phases. During Phase 1, each of the three participating
centers (NICEATM, ECVAM, and JaCVAM) selected validation laboratories. The protocols
were reviewed, and the laboratories demonstrated proficiency with the test method by
successfully completing 10 replicate agonist and 10 replicate antagonist tests. In Phases 2
through 4, the protocols were evaluated and refined, and 78 ICCVAM reference substances that
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should be used to standardize and validate in vitro ER and androgen receptor binding and TA test
methods were tested.

After this study was completed, NICEATM, ICCVAM, and the ICCVAM Interagency Endocrine
Disruptor Working Group (EDWG) prepared a draft BRD and draft test method
recommendations. The drafts were provided to an independent international scientific peer review
panel (hereafter Panel) and to the public for comment. The Panel met in public session on

March 29-30, 2011, to discuss its peer review of the [ICCVAM draft BRD and to provide
conclusions and recommendations regarding the validation status of the BG1Luc ER TA test
method. The Panel also reviewed how well the information contained in the draft BRD supported
ICCVAM’s draft test method recommendations.

In finalizing this test method evaluation report and the BRD, which is included here as an
appendix, ICCVAM considered (1) the conclusions and recommendations of the Panel,
(2) comments from SACATM, and (3) public comments.

ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the BG1Luc ER TA test method support its
use to screen substances for in vitro ER agonist and/or antagonist activity. This determination is based
on an evaluation of data from the validation study and the corresponding accuracy and reliability.
ICCVAM concludes that the accuracy of this assay is at least equivalent to that of the current ER TA
test method included in regulatory testing guidance (EPA OPPTS 890.1300) (EPA 2009).

ICCVAM Recommendations: BG1Luc ER TA Test Method Protocol

For use of the BG1Luc ER TA test method to screen substances for in vitro ER agonist and/or
antagonist activity, ICCVAM recommends using the ICCVAM BGI1Luc ER TA protocols
(included here as Appendices B1 and B2). All future studies intended to further characterize the
usefulness and limitations of the BG1Luc ER TA test method should use these protocols.

ICCVAM Recommendations: Future Studies

ICCVAM considers the BG1Luc ER TA test method to be valid as described. However,
ICCVAM recommends the following for interested parties to further characterize and potentially
improve the usefulness and applicability of the BG1Luc ER TA test method:

* Additional validation studies may be performed to determine whether the BG1Luc ER TA
test method or other similar assays could replace the rat uterine cytosol ER binding assay.

*  Further work may be carried out to determine if the BG1Luc ER TA test method could be
combined with other methods (to include in vitro metabolic activation) in a weight-of-
evidence approach to replace the uterotrophic bioassay.

* Additional studies/evaluations may be conducted to more completely characterize the ratio
of ERa and ER in the BG-1 cell line and the extent to which these receptor subtypes
contribute to the overall performance of the BG1Luc ER TA test method.

* Additional studies/evaluations may be conducted to determine the feasibility of testing
volatile substances using CO,-permeable plastic film or other methods to seal the test
plates.

* Additional studies/evaluations may be conducted to determine if substances that are not
soluble in dimethyl sulfoxide (DMSO) could be tested in another vehicle that would more
adequately dissolve the substance in culture media.

* Additional studies may be conducted to account for metabolic activation that could
expand the utility of this and other ER TA test methods.

* As ER antagonists are identified, additional studies/evaluations may be conducted to
expand the database of positive substances tested and thereby better characterize the
usefulness and limitations of the BG1Luc ER TA test method as a screening test to
identify substances with ER antagonist activity.
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ICCVAM encourages users to provide to ICCVAM all data that are generated from future
studies. These data could be used to further characterize the usefulness and limitations of the
BG1Luc ER TA test method as a screening test to identify substances with ER agonist or
antagonist activity.

Validation Status of the BG1Luc ER TA Test Method

ICCVAM evaluated the BG1Luc ER TA test method for its ability to correctly identify in vitro
ER agonists and antagonists. For this analysis, test substance classification (positive or negative
for ER agonist/antagonist activity) obtained during the validation study was compared to the
ICCVAM reference classification of the same substance, which was based on a preponderance of
available data.

The BG1Luc ER TA test method accuracy was evaluated based on several different analyses, but
the primary evaluation was based on two comparisons: (1) the extent to which the result of the
test method corresponds to the ICCVAM reference classification for each substance and (2) the
accuracy of the BG1Luc ER TA test method compared to that of the EPA OPPTS
890.1300/0ECD TG 455 (EPA 2009; OECD 2009)' assay.

Test Method Accuracy — Agonist Assay

Thirty-five substances (28 positive, 7 negative) were used to evaluate the accuracy of the
BG1Luc ER TA agonist assay. The consensus classification obtained from all BG1Luc ER TA
tests for these 35 substances yielded the following statistics: concordance of 97% (34/35),
sensitivity of 96% (27/28), specificity of 100% (7/7), a false positive rate of 0% (0/7), and a false
negative rate of 4% (1/28). Similar results were obtained when the results from each laboratory
were used instead of the consensus classification.

EPA OPPTS 890.1300/0ECD TG 455 is the only test guideline published by a U.S. regulatory
agency for generating ER TA data. Therefore, BG1Luc ER TA test method concordance with
EPA OPPTS 890.1300/0ECD TG 455 was also evaluated using the 26 reference substances for
which data are available from both BG1Luc ER TA and EPA OPPTS 890.1300/OECD TG 455
assays. Accuracy statistics for the two test methods were identical: concordance of 96% (25/26),
sensitivity of 95% (21/22), specificity of 100% (4/4), a false positive rate of 0% (0/4), and a false
negative rate of 5% (1/22).

Test Method Accuracy — Antagonist Assay

To evaluate the accuracy of the BG1Luc ER TA antagonist assay, 25 substances (3 positive,

22 negative) were used. The consensus classification obtained from all BG1Luc ER TA tests for
these 25 substances yielded the following statistics: concordance of 100% (25/25), sensitivity of
100% (3/3), specificity of 100% (22/22), a false positive rate of 0% (0/22), and a false negative
rate of 0% (0/3). Similar results were obtained when the results from each laboratory were used
instead of the consensus classification.

Because there currently is no valid EPA OPPTS 890.1300/0OECD TG 455 antagonist protocol, no
comparison with the BG1Luc ER TA antagonist results was conducted.

Concordance with Other Endocrine Disruptor Assays

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative
assessment of estrogenic/anti-estrogenic activity, quantitative measures of activity are usually
obtained for positive results. The values obtained from BG1Luc ER TA test results (half-maximal
effective concentration [ECs,] and half-maximal inhibitory concentration [ICs]), were compared
to median values from other ER TA test methods reported in the literature. This comparison

" The EPA OPPTS 890.1300/0ECD TG 455 (OECD 2009) assay uses the hERo-HeLa-9903 human
cervical cancer cell line to detect estrogen agonist activity mediated through human ER alpha (hERa).
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found a high correlation. There was 97% (33/34) concordance between the BG1Luc ER TA test
method and ER binding data. The only discordant substance (medroxyprogesterone acetate) was
positive in the BG1Luc ER TA test method and negative based on ER binding data. Similarly,
based on a comparison with available data in the in vivo uterotrophic assay, there was 92%
(12/13) concordance between the BG1Luc ER TA test method and ER binding data. The only
discordant substance (butylbenzyl phthalate) was positive in the BG1Luc ER TA test method and
negative based on uterotrophic data.

Test Method Reliability

Intralaboratory reproducibility (whether multiple tests of the same substance at a single laboratory
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was
assessed by comparing (1) reference standard and control results for all plates tested within each
laboratory during the course of the validation study and (2) results from Phase 2 testing, during
which 12 substances were tested in at least three independent experiments in each of the three
laboratories. Intralaboratory agreement for agonist and antagonist classification was determined
for the 12 substances that were tested at least three times at each laboratory.

In the agonist testing, mean induction in each laboratory ranged from 4.6 to 7.8 fold, and
17B-estradiol (E2) reference standard ECs, values ranged from 8.0 x 10"*to 1.2 x 10" M. There
was 100% agreement within each laboratory for each of the three repeat tests, although the
agonist classifications for some of the 12 test substances differed among the different
laboratories.

In the antagonist testing, mean reduction ranged from 8.0 to 9.9 fold, and raloxifene reference
standard ICs, values ranged from 1.1 x 10° to 1.3 x 10”° M. There was 100% agreement within
each laboratory for each of the three repeat tests, although the antagonist classifications for some
of the 12 test substances differed among the different laboratories.

Interlaboratory reproducibility (whether tests of a single substance run at different laboratories
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was
determined for the 12 substances that were tested at least three times for agonist and antagonist
activity during Phase 2 at each of the three laboratories. The three laboratories agreed on 67%
(8/12) of the substances tested for agonist activity and on 100% (12/12) of the substances tested
for antagonist activity.

Interlaboratory reproducibility was also determined for 41 substances that were tested once for
agonist and antagonist activity during Phase 3 testing at each of the three laboratories. Five of the
41 substances produced inadequate results for agonist activity and could not be considered in the
evaluation. Among the 36 remaining substances that produced a definitive test result in at least
two laboratories, there was 100% agreement. All 41 substances produced definitive results for
antagonist activity. The three laboratories agreed on 93% (38/41) of these substances.

ICCVAM Recommendations: Performance Standards

Based on the results of this study, NICEATM and the EDWG developed performance standards
applicable to methods that are functionally and mechanistically similar to the BG1Luc ER TA test
method. These performance standards can also be used by laboratories with no experience with
the BG1Luc ER TA test method to demonstrate technical proficiency.
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Essential Test Method Components

In order to be considered functionally and mechanistically similar to the BG1Luc ER TA test
method, a modified ER TA test method protocol must include the following components to
ensure that the same biological effect is being measured:

* The test method should be based on a cell line that endogenously expresses ER.

* Reference standards, controls, and test substances should be dissolved in a solvent that
mixes well with cell culture media at concentrations that are noncytotoxic and that do not
otherwise interfere with the test system.

* The maximum test substance concentration should be 1 mM for ER TA agonist testing
and 10 uM for ER TA antagonist testing unless otherwise limited by solubility,
cytotoxicity, or other mechanisms that interfere with assay performance.

* At least seven concentrations spaced at logarithmic (log;o) intervals, up to the limit
concentration, should be tested.

*  An evaluation of cytotoxicity should be included, and only data from concentrations at or
above 80% viability should be used for data analyses.

* A reference estrogen and a reference anti-estrogen should be used to demonstrate the
adequacy of the test method for detecting ER TA agonist and antagonist activity.

* The ability of the reference estrogen to induce ER TA activity and the ability of the
reference anti-estrogen to inhibit ER TA activity should be demonstrated by generating a
full concentration—response curve in each experiment that provides a minimum threefold
estrogenic induction and a minimum threefold anti-estrogenic reduction.

* A set of concurrent controls should be included. For agonist assays, this would include
the vehicle control and a weak agonist. For antagonist assays, this would include the
vehicle control, weak antagonist, and reference estrogen.

* Test substances that are positive for ER agonist activity should have a concentration—
response curve consisting of a baseline, followed by a positive slope, with a response
peak of at least 20% of the average maximal value of the reference estrogen response.

* Test substances are negative for agonist activity if all data points are below 20% of the
average maximal value of the reference estrogen response.

* Test substances that are positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline, followed by a negative slope, with a response
decrease to at least 80% of the average maximal value of the reference estrogen response.

* Test substances are negative for ER antagonist activity if all data points are above 80% of
the average maximal value of the reference estrogen response.

Test method protocols should incorporate the essential components listed above. Modifications
should be detailed and scientifically justified, and the modified test method should perform as
well as or better than the BG1Luc ER TA test method.

Reference Substances

ICCVAM recommends for test method validation a subset of those substances that were
definitively classified as positive or negative for ER TA activity in the scientific literature and
that were tested in the BG1Luc ER TA validation study. The reference substances include a range
of chemical and product classes commonly associated with endocrine disruption.

Test Method Accuracy and Reliability

When evaluated using this minimum list of recommended reference substances, a proposed ER
TA test method should have accuracy (i.e., sensitivity, specificity, false positive rates, and false
negative rates) and reliability characteristics equal to or better than those of the BG1Luc ER TA
test method. Any misclassified reference substances should be addressed in terms of the test
method’s ability to accurately classify other substances with similar potencies and from the same
chemical/product classes.
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Using the Performance Standards

Test method developers are encouraged to consult directly with ICCVAM before using these
performance standards to conduct a validation study for a proposed test method. Developers are
also encouraged to submit results of validation studies to ICCVAM for an evaluation of the
validation status. Upon completing its evaluation in accordance with the ICCVAM Authorization
Act (42 U.S.C. 285/-3), ICCVAM will forward recommendations to ICCVAM agencies
regarding the usefulness and limitations of the test method.

ICCVAM Consideration of the Independent Peer Review Panel Report and Other
Comments

The ICCVAM evaluation process incorporates scientific peer review and a high level of
transparency. The evaluation process for the BG1Luc ER TA test method included a public
review meeting by an independent scientific peer review panel, multiple opportunities for public
comments, and comments from SACATM. ICCVAM and the EDWG considered the Panel
report, SACATM comments, and all public comments before finalizing the ICCVAM test method
evaluation report and final BRD for the BG1Luc ER TA test method.
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1.0 Introduction

In vitro estrogen receptor (ER) transcriptional activation (TA) assays are designed to identify
agonist or antagonist substances that might interfere with estrogen activity in vivo. Unlike
receptor binding assays, TA assays can distinguish between agonist and antagonist activity. The
BG1Luc ER TA test method utilizes an ER-responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. ER-mediated transcription of the /uc gene results in the production of luciferase, the
activity of which is quantified using a luminometer. A concentration—response curve can be
established to provide qualitative and quantitative information regarding the in vitro estrogenic
activity of a test substance (Rogers and Denison 2000).

The Federal Food, Drug, and Cosmetic Act; the Food Quality Protection Act; and the Safe
Drinking Water Act all aim to identify potential endocrine disruptors and thereby protect humans
and animals (7 U.S.C. 136; 21 U.S.C. 301 et seq.; 110 Stat 1613). The U.S. Environmental
Protection Agency (EPA) was specifically required to “develop a screening program, using
appropriate validated test systems and other scientifically relevant information, to determine
whether certain substances may have an effect in humans that is similar to an effect produced by
a naturally occurring estrogen, or such other endocrine effect as the Administrator may designate”
(21 U.S.C. 346a[p][1]). In 1996, the EPA formed the Endocrine Disruptor Screening and Testing
Advisory Committee (EDSTAC), a committee of scientists and stakeholders that was charged by
the EPA to provide recommendations on how to implement its Endocrine Disruptor Screening
Program (EDSP). The EDSP is described in detail at http://www.epa.gov/scipoly/oscpendo/.

The EPA accepted EDSTAC’s recommendations for a two-tier screening program as proposed in
the Federal Register (63 FR 71542). The purpose of Tier 1, which consists of in vivo and in vitro
test methods, is to identify the potential of chemicals to interact with the estrogen, androgen, or
thyroid hormonal systems. Tier 1 currently includes EPA OPPTS 890.1300: Estrogen Receptor
Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009). EPA OPPTS 890.1300
is an ER TA test method validated for the detection of i vitro ER agonists.

In 2004, Xenobiotic Detection Systems, Inc. (XDS), nominated their LUMI-CELL® ER test
method (hereafter BG1Luc ER TA test method) to the Interagency Coordinating Committee on
the Validation of Alternative Methods (ICCVAM) for validation. ICCVAM and the Scientific
Advisory Committee on Alternative Toxicological Methods (SACATM) recommended that the
BG1Luc ER TA test method should be considered a high priority for interlaboratory validation
studies based on the lack of adequately validated test methods and the regulatory and public
health need for such test methods.

The National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) led and coordinated an international validation study with
its counterparts in Europe (the European Centre for the Validation of Alternative Methods
[ECVAM]) and Japan (the Japanese Center for the Evaluation of Alternative Methods
[JaCVAMY]) using laboratories sponsored by each validation organization. NICEATM organized
a Study Management Team (SMT) to oversee the scientific aspects of the validation study and
coordinate the day-to-day activities among the participating laboratories (XDS, ECVAM, and
Hiyoshi). A representative from the recently established Korean Center for the Validation of
Alternative Methods (KoCVAM) joined the SMT in 2010.

The validation study proceeded in four phases. During Phase 1, each of the three participating
centers (ICCVAM, ECVAM, and JaCVAM) selected validation laboratories. The protocols were
reviewed, and the laboratories demonstrated proficiency with the test method by successfully
completing 10 replicate agonist and 10 replicate antagonist tests. In Phases 2 through 4, the
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protocols were evaluated and refined, and 78 ICCV AM reference substances that should be used
to standardize and validate in vitro ER and AR binding and TA test methods were tested.

Based on the results of this study, ICCVAM reviewed the validation status of the BG1Luc ER TA
test method for identification of substances with in vitro ER agonist or antagonist activity.
NICEATM and the ICCVAM Interagency Endocrine Disruptor Working Group (EDWG)
prepared a draft background review document (BRD) that provides a comprehensive description
and the data from the validation study used to assess the accuracy and reliability of the BG1Luc
ER TA test method.

On January 24, 2011, ICCVAM announced the availability of the draft BRD to the public and a
public Panel meeting to review the validation status of the BG1Luc ER TA test method as a
screening test to identify in vitro ER agonists and antagonists (76 FR 4113%). All of the
information provided to the Panel, including the draft BRD, ICCVAM draft test method
recommendations, and all public comments received before the Panel meeting, were made
publicly available via the NICEATM-ICCV AM website (http://iccvam.niehs.nih.gov/).

The public Panel meeting was held on March 29-30, 2011. The Panel evaluated (1) the extent to
which the draft BRD addressed established validation and acceptance criteria and (2) the extent to
which the draft BRD supported ICCVAM’s draft test method recommendations. Interested
stakeholders from the public were provided opportunities to comment at the Panel meeting. After
considering all public comments, the Panel agreed with the ICCVAM draft recommendation that
the BG1Luc ER TA test method can be used as a screening test to identify substances with in
vitro ER agonist and antagonist activity. On May 18, 2011, ICCVAM posted a report of the
Panel’s recommendations’ (see Appendix D) on the NICEATM-ICCVAM website for public
review and comment (announced in 76 FR 28781).

ICCVAM provided SACATM with the draft BRD and test method recommendations, the Panel
report, and all public comments for discussion at their meeting on June 1617, 2011, where
public stakeholders were given another opportunity to comment.

ICCVAM and the EDWG considered the SACATM comments, the Panel report, and all public
comments before finalizing [CCVAM test method recommendations for use of the BG1Luc ER
TA test method as a screening test to identify substances with in vitro ER agonist and antagonist
activity. ICCVAM’s recommendations (see Section 2.0) and the final BRD (see Appendix C) are
incorporated in this test method evaluation report. As required by the [ICCVAM Authorization
Act 0of 2000 (42 U.S.C. 285[-3), ICCVAM will forward this report and its recommendations to
U.S. Federal agencies for consideration. Federal agencies must respond to ICCVAM within

180 days after receiving ICCVAM test method recommendations. [CCVAM recommendations
are available to the public on the NICEATM-ICCVAM website (http://iccvam.niehs.nih.gov/),
and agency responses will also be made available as they are received.

? Federal Register notices published by NICEATM—-ICCVAM during evaluation of the BG1Luc ER TA
test method are available in Appendix E and from the NICEATM-ICCVAM website
(http://iccvam.niehs.nih.gov/).

} http://iccvam.niehs.nih.gov/docs/endo_docs/EDPRPRept2011.pdf
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2.0 ICCVAM Recommendations: Usefulness and Limitations of the BG1Luc ER
TA Test Method

2.1 Background and Introduction

ICCVAM has completed its evaluation of the validation status of the BG1Luc ER TA test
method, an in vitro method proposed to identify potential agonist or antagonist substances that
might interfere with normal estrogen activity. NICEATM and ICCVAM prepared a
comprehensive BRD that includes the data and information available to characterize the validity
of this proposed use of the BG1Luc ER TA test method. The information included in the BRD
(Appendix C) is based on an international validation study that utilized 78 reference substances
that should be used to standardize and validate i vitro ER and androgen receptor (AR) binding
and TA test methods. Based on the results of this study, ICCVAM developed these draft test
method recommendations on the usefulness and limitations of the BG1Luc ER TA test method
for identifying potential ER agonists or antagonists. ICCVAM also developed draft
recommendations for standardized test method protocols, future studies, and performance
standards.

2.2 ICCVAM Recommendations: Test Method Usefulness and Limitations

2.2.1 Evaluation as a Screening Test to Identify Substances with Estrogen Receptor
Agonist Activity

ICCVAM concludes that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER agonist activity. This recommendation is based on an
evaluation of available validation study data and corresponding accuracy and reliability.
ICCVAM concludes that the accuracy of this assay is at least equivalent to that of EPA
OPPTS 890.1300, part of the EDSP Tier 1 screening battery. The supporting accuracy analysis
used 35 ICCVAM reference substances, which produced the following definitive results in
agonist testing when compared with existing reference data from other in virro ER TA assays:

* Concordance of 97% (34/35)

*  Sensitivity of 96% (27/28)

*  Specificity of 100% (7/7)

* False positive rate of 0% (0/7)

* False negative rate of 4% (1/28)

Only L-thyroxine was false negative in the BG1Luc ER TA test method when compared to the
ICCVAM reference classification. This reference substance is classified as positive (2/3) based
on two reports of positive agonist activity and one report of no agonist activity. The two positive
results were in GH3 cells (rat pituitary adenoma) and HeLa cells (human cervical carcinoma),
whereas MCF-7 cells (human breast adenocarcinoma) showed no estrogenic response when
exposed to L-thyroxine. These results indicate a possible tissue-specific response to L-thyroxine,
which may explain the lack of ER agonist activity observed in this experiment with BG-1 cells
(human ovarian carcinoma).

During Phase 1, 12 substances were tested in each of the three laboratories (XDS, ECVAM, and
Hiyoshi) to evaluate intralaboratory reproducibility. Although the classifications for some of the
test substances differed among the laboratories, there was 100% agreement within each

laboratory for each of the three repeat tests. When results were compared across laboratories for
these 12 substances, all three laboratories agreed on 67% (8/12) of the substances. An additional
36 substances tested for agonist activity once in each laboratory produced a definitive result in at



ICCVAM BG1Luc ER TA Evaluation Report

least two laboratories. There was 100% agreement among the laboratories for 83% (30/36) of
these substances.

Only one in vitro ER TA test method is currently accepted to assess ERa agonist activity of test
substances. This test method was validated by the Chemicals Evaluation and Research Institute
(CERI) and is described in Organisation for Economic Co-operation and Development (OECD)
Test Guideline (TG) 455: the Stably Transfected Human Estrogen Receptor-a Transcriptional
Activation (STTA) Assay for the Detection of Estrogenic Agonist-Activity (OECD 2009).
Adopted by the EPA as OPPTS 890.1300: Estrogen Receptor Transcriptional Activation (Human
Cell Line [HeLa-9903]) (EPA 2009), it is considered adequately validated by national and
international regulatory agencies.

Because the BG1Luc ER TA test method is another STTA assay that could be considered for
regulatory use, a comparison of test method accuracy between these two test methods was
conducted based on a list of ICCVAM-recommended agonist reference substances for which
definitive classifications have been produced in both methods. These results show identical levels
of accuracy when both methods tested the same agonist reference chemicals: concordance of 95%
(24/25), sensitivity of 95% (21/22), and specificity of 100% (4/4). Overall, these data indicate that
the BG1Luc ER TA test method is equivalent to the EPA OPPTS 890.1300/0ECD TG 455
method for assessing ERa agonist activity.

Based on these results, the BG1Luc ER TA agonist test method can be applied to a wide range of
substances, provided they (1) can be dissolved in dimethyl sulfoxide (DMSO), (2) do not react
with DMSO or the cell culture medium, and (3) are not toxic to the cells. Although this method
may apply to mixtures, none was evaluated in this validation study. Volatile substances may yield
acceptable results if CO,-permeable plastic film is used to seal the test plates, but no volatile
substances were evaluated in this validation study. Although relatively few are known, substances
with endogenous luminescence or that naturally inhibit luciferase activity cannot be used in this
or any other luciferase-based test method. The demonstrated performance of the BG1Luc ER TA
agonist test method suggests that data generated with this test method could be routinely
considered for prioritization of substances for further testing.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data and test method performance support the ICCVAM
draft recommendation that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER agonist activity. However, the Panel emphasized that,
because there has been no clear regulatory guidance on how ER TA test methods will be used in
the EPA EDSP Program, the use of the BG1Luc ER TA test method in the overall strategy of
hazard identification or safety assessment of endocrine-disruptive chemicals is unclear.

2.2.2 Evaluation as a Screening Test to Identify Substances with Estrogen Receptor
Antagonist Activity

Based on an evaluation of available data and corresponding performance (accuracy and
reliability), ICCVAM recommends that the BG1Luc ER TA test method can be used as a
screening test to identify substances with ER antagonist activity. The accuracy analysis,
conducted with 25 reference substances, produced the following definitive results in antagonist
testing:

* Accuracy of 100% (25/25)

* Sensitivity of 100% (3/3)

*  Specificity of 100% (22/22)

* False positive rate of 0% (0/22)
* False negative rate of 0% (0/3)
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Intralaboratory reproducibility of the BG1Luc ER TA agonist and antagonist test methods was
assessed by comparing (1) reference standard and control results for all plates tested within each
laboratory during the course of the validation study and (2) results from Phases 2a and 2b testing,
during which 12 substances were tested in at least three independent experiments in each of three
laboratories. Although the classifications for some of the test substances differed among the
laboratories, there was 100% agreement within each laboratory for each of the three repeat tests.

When results were compared across laboratories for these 12 substances, there was 100%
agreement among the three laboratories for all 12 substances. An additional 41 substances tested
once in each laboratory for antagonist activity during Phase 3 produced a definitive result in at
least two laboratories. There was 100% agreement among the laboratories for 93% (38/41) of the
41 substances.

Based on these results, the limitations of the BG1Luc ER TA antagonist test method appear to be
the same as those identified for the agonist test method described above. Although the validation
database is somewhat limited in number (n = 25), the demonstrated performance of the BG1Luc
ER TA antagonist test method suggests that data generated with this test method could be
routinely considered for prioritization of substances for further testing. This is further supported
by the fact that so few ER antagonists have been definitively identified, and all three tested in the
BGI1Luc ER TA antagonist test method were correctly identified.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data and test method performance support the ICCVAM
draft recommendation that the BG1Luc ER TA test method can be used as a screening test to
identify substances with in vitro ER antagonist activity. The Panel further concluded that, based
upon support of the ICCVAM draft recommendation, the BG1Luc ER TA test method could be
considered as a replacement for the currently accepted ER TA assay (EPA OPPTS
890.1300/0OECD TG 455) and the rat uterine cytosol binding assays. However, the Panel noted
that additional analysis may be necessary to further support this recommendation, particularly
regarding the rat uterine cytosol ER binding assay.

2.3 ICCVAM Recommendations: Test Method Protocol for the BG1Luc ER TA Test
Method

For use of the BG1Luc ER TA test method as a screening test to identify substances with in vitro
ER agonist or antagonist activity, ICCVAM recommends using the ICCVAM BG1Luc ER TA
agonist and antagonist test method protocols (Appendix B). In addition, all future studies
intended to further characterize the usefulness and limitations of the BG1Luc ER TA agonist and
antagonist test methods should be conducted using these recommended protocols.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the BG1Luc ER TA test method protocols are complete and adequate in
detail for a laboratory to conduct the study (see Appendix D). The Panel noted several
advantages provided by this assay over the currently accepted test method (EPA OPPTS
890.1300/0ECD TG 455). The BG1Luc ER TA test method:

* Has more detailed and complete test method protocols than those provided in EPA
OPPTS 890.1300/OECD TG 455

¢ Is validated for testing up to 1 mM per EPA requirements. EPA OPPTS 890.1300/OECD
TG 455 is only validated up to a limit dose of 10 uM.

* Has a more restrictive set of classification criteria for determination of a positive response,
which will reduce the number of false positive results, resulting in fewer follow-up tests
conducted in animal studies

* Can detect substances with in vitro anti-estrogenic activity
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* Endogenously expresses both hERa and hER, whereas the HeLa-9903 cell line used in EPA
OPPTS 890.1300/OECD TG 455 was transfected only with hERa

24 ICCVAM Recommendations: Future Studies for the BG1Luc ER TA Test Method

ICCVAM promotes the scientific validation and regulatory acceptance of new methods that
reduce, refine, or replace animal use where scientifically feasible. The rat uterine cytosol ER
binding assay, currently listed as part of the EDSP Tier 1 screening battery, requires the use of
animals as a source of ERs. Results from the BG1Luc ER TA test method were examined for
concordance with published reports of ER binding for 34 reference substances. There was 97%
(33/34) concordance between the BG1Luc ER TA test method and ER binding data from the
literature, and 100% sensitivity (no false negatives). In light of the excellent degree of agreement
between ER binding and BG1Luc ER TA data, it appears that evaluating results from BG1Luc
ER TA agonist and antagonist testing may provide a viable alternative to conducting ER binding
studies. This cannot currently be accomplished with EPA OPPTS 890.1300/OECD TG 455 due to
the inability of this method to assess ER antagonist activity. ICCVAM recommends that
additional validation studies could be performed to determine whether or not the BG1Luc ER TA
method could replace the rat uterine cytosol ER binding assay.

Results from the BG1Luc ER TA test method were examined for concordance with published
data from the uterotrophic bioassay (n = 13 reference substances), which is currently listed as part
of the EDSP Tier 1 screening battery. There was 92% (12/13) concordance between the BG1Luc
ER TA test method and the uterotrophic bioassay data, and 100% specificity (no false negatives).
These data indicate that the BG1Luc ER TA agonist test method has very good agreement with
the in vivo results obtained with the uterotrophic bioassay. Accordingly, [CCVAM recommends
that further work be carried out to determine if the BG1Luc ER TA test method could be used in
combination with other methods (to include in vitro metabolic activation) in a weight-of-evidence
approach to replace the uterotrophic bioassay.

To further characterize the BG1Luc ER TA test method, ICCVAM identified additional studies
that may be considered by interested parties:

* Additional studies/evaluations may be conducted to more completely characterize the ratio of
ERa and ERP in the BG-1 cell line and the extent to which these receptor subtypes contribute
to the overall performance of the BG1Luc ER TA test method.

*  Additional studies/evaluations may be conducted to determine the feasibility of testing
volatile substances using CO,-permeable plastic film or other methods to seal the test plates.

* Additional studies/evaluations may be conducted to determine if substances that are not
soluble in DMSO could be tested in another vehicle that would more adequately solubilize
the substance in culture media.

* As ER antagonists are identified, additional studies/evaluations may be conducted to expand
the database of positive substances tested and thereby better characterize the usefulness and
limitations of the BG1Luc ER TA test method as a screening test to identify substances with
ER antagonist activity.

¢ ICCVAM encourages users to provide all data that are generated from future studies to
ICCVAM so that they may be used to further characterize the usefulness and limitations of
the BG1Luc ER TA test method as a screening test to identify substances with in vitro ER
agonist or antagonist activity.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the available data support the draft ICCVAM-recommended future
studies. The Panel encouraged additional studies and evaluations to assess the utility of the
current visual assessment of cytotoxicity evaluation for chemicals, as well as efforts to identify a
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quantitative cytotoxicity method. The Panel also recommended future studies to account for
metabolic activation that could expand the utility of this and other ER TA methods. The Panel
further recommended an effort to expand the reference substance list and associated BG1Luc ER
TA database with additional negative agonist and positive antagonist test substances as they are
identified.

2.5 ICCVAM Recommendations: Performance Standards for the BG1Luc ER TA Test
Method

ICCVAM has developed test method performance standards so that modified versions of the
BG1Luc ER TA test method that are mechanistically and functionally similar can be effectively
and efficiently evaluated for their validity by national and international validation organizations
(e.g., ICCVAM, ECVAM, and JaCVAM) or other organizations. The ICCV AM-recommended
BG1Luc ER TA agonist and antagonist test method protocols are the key references used to
establish these performance standards.

Independent Peer Review Panel Conclusions and Recommendations

The Panel concluded that the draft ICCVAM performance standards are adequate, but they
proposed modifications that could expand the performance standards’ applicability. The Panel
suggested that the specific tissue source, type, and species used for the cell system in ER TA test
methods may not be critical but recommended that the appropriate cellular machinery be
included. The Panel also recommended that, ideally, more negatives should be included. They
recognized, however, that data on such substances are not currently available. The Panel also
suggested that reference substance classification be based upon reports that have been ranked
with a method that focuses on the reliability of the published data (e.g., Klimisch criteria)
(Klimisch et al. 1997).

Classification of reference substances was based on the following published guidance from
ICCVAM (ICCVAM 2003a, 2006):

* A substance was classified as “positive” if it was reported as positive in >50% of referenced
ER TA studies.

* A substance was classified as “presumed positive” if it was positive in 50% or less of
referenced ER TA studies.

Prior to the BG1Luc ER TA test method validation study, L-thyroxine was classified as positive
because two of three literature citations described estrogenic activity for this compound. Because
the BG-1 validation study will be considered a published study, and L-thyroxine was negative in
the study, the updated database will reflect that this compound is reported as positive in two of
four studies (50%), changing its classification from positive to presumed positive per the
guidelines given above. Because only those compounds with definitive classifications (positive or
negative) are used as reference substances, L-thyroxine will not be used as a reference substance
in future studies.
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3.0  Validation Status for Use of the BG1Luc ER TA Test Method as a Screening
Test to Identify In Vitro ER Agonists and Antagonists

The ICCVAM BRD (see Appendix C) provides a comprehensive review of the current validation
status of the BG1Luc ER TA test method, including its accuracy and reliability, the substances
tested, the rationale for the standardized test method protocol used for the validation study, and
all available data supporting its validity. This section provides a brief description and summary of
the validation status of the BG1Luc ER TA test method.

3.1 Test Method Description

The BG1Luc ER TA test method uses an ER-responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. ER-mediated transcription of the /uc gene results in the production of luciferase, the
activity of which is quantified using a luminometer. A concentration-response curve can be
established to provide qualitative and quantitative information regarding the in vitro estrogenic
activity of a test substance.

3.2 General Test Method Procedures

ICCVAM previously recommended minimum essential test method components for in vitro ER
TA assays (ICCVAM 2003a), and these components are incorporated into the ICCVAM-
recommended BG1Luc ER TA protocols (see Appendices B1 and B2). These protocols include
three sequential phases: solubility, range finder, and comprehensive testing. During solubility
testing, the maximum test substance concentration that is soluble in 100% DMSO is established
in order to set the starting concentration for range finder testing. The test substance concentration
range to be included in comprehensive testing is established during range finder testing. Results
from comprehensive testing are used to determine the extent to which a test substance influences
ER-mediated luciferase transcription as a correlate to in vitro ER TA activity. These data can then
be used to classify a test substance based on its in vitro ER agonist or antagonist activity.

3.3 Validation Database

The validation database used to evaluate the BG1Luc ER TA test method is based upon the list of
78 substances that ICCVAM recommended for use in validation studies for in vitro ER and AR
binding and TA test methods (ICCVAM 2003a, 2006). The purpose of this list is to ensure that
the usefulness and limitations of in vitro ER and AR binding and TA assays can be adequately
characterized across a broad range of chemical classes and responses. These substances were
selected based on information contained in the ICCVAM BRDs for ER and AR binding and TA
test methods (ICCVAM 2002d, 2002a, 2002c, 2002b), as well as information obtained from
publications reviewed or published after completion of the ICCVAM BRDs. The complete list of
substances and their respective reference classifications for agonist and antagonist activity based
on available reference data is provided in Section 3-2 of the BG1Luc ER TA BRD

(Appendix C).

Only those substances that could be definitively classified as positive (POS) or negative (NEG)
were used to assess accuracy, resulting in 48 unique substances used to assess accuracy.
(Substances classified as presumed positive [PP] or presumed negative [PN] were not considered
when evaluating test method accuracy.) Separate lists were generated for evaluating accuracy
based on agonist (42 substances: 33 positive, 9 negative) activity and antagonist (25 substances:
3 positive, 22 negative) activity. Nineteen substances appeared on both reference lists. The

42 reference substances used to assess accuracy based on ER agonist activity are provided in
Table 3-1, and the 25 reference substances used to assess accuracy based on ER antagonist
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activity are provided in Table 3-2. These tables also include the BG1Luc ER TA results from
each of the participating laboratories.

34 Test Method Accuracy

Thirty-five substances (28 positive, 7 negative) had definitive results and were used to evaluate
test method accuracy for ER agonist activity. The remaining seven (17%) of the 42 substances
used to evaluate test method accuracy had inadequate (I) testing results and were therefore
excluded from the analysis. Data are classified as inadequate if, because of major qualitative or
quantitative limitations, they cannot be interpreted as valid for showing either the presence or
absence of agonist activity. The following seven substances had inadequate BG1Luc ER TA
agonist test method data:

* Clomiphene citrate

* pp-DDE

* 5Sx-Dihydrotestosterone
¢ Flutamide

* Procymidone

* Resveratrol

¢ Tamoxifen

It should be emphasized that the “inadequate” classification is usually a result of poor data quality
and would normally require retesting. However, the classification system was revised after testing
to include positive, negative, and inadequate classifications. Retesting of these substances was
therefore not possible.

These seven substances (clomiphene citrate, p,p -DDE, 5«-dihydrotestosterone, flutamide,
procymidone, resveratrol, and tamoxifen) represent eight chemical classes (two cyclic
hydrocarbons, and one each of an amide, amine, carboxylic acid, halogenated hydrocarbon,
heterocyclic compound, polycyclic compound, and steroid) and five product classes (four
pharmaceuticals and one each of a fungicide, natural product, pesticide intermediate, and
veterinary agent). The diversity of chemical and product classes indicates that no one category or
class is overrepresented with inadequate data.
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Table 3-1 42 ICCVAM-Recommended Substances Used to Evaluate ER Agonist
Accuracy
Classification®
Substance CASRN écof;’l‘l‘sﬁ BGHTJZC El: XDS | ECVAM | Hiyoshi
Consensus

17-Estradiol 57-91-0 POS POS POS (1/1) | POS(3/3) | POS (2/2)
i;:igimyl 57-63-6 POS POS POS (3/3) | POS(3/3) | POS (3/3)
178-Estradiol 50-28-2 POS POS POS (1/1) | POS(1/1) | POS (1/1)
19-Nortestosterone 434-22-0 POS POS POS (1/1) NT NT

4-Cumylphenol 599-64-4 POS POS POS (1/1) | POS(1/1) | POS (1/1)
4-tert-Octylphenol 140-66-9 POS POS 1(1/1) | POS(1/1) | POS(2/2)
f;;y drotestosterone | 3217186 POS I 1(1/1) 1(1/1) POS (1/1)
Apigenin 520-36-5 POS POS POS (1/1) | POS (1/1) | POS (1/1)
Atrazine 1912-24-9 NEG NEG NEG (3/3) | POS (3/3) | NEG (3/3)
Bicalutamide 90357-06-5 NEG NEG NEG (1/1) NT NT

Bisphenol A 80-05-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Bisphenol B 77-40-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
E;tgal}’;zzyl 85-68-7 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Chrysin 480-40-0 POS POS POS (2/2) NT NT

Clomiphene citrate 50-41-9 POS I 1(1/1) NEG (1/1) POS (1/1)
Corticosterone 50-22-6 NEG NEG NEG (3/3) | POS (3/3) NEG (4/4)
Coumestrol 479-13-0 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Daidzein 486-66-8 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Dicofol 115-32-2 POS POS POS (1/1) | NEG (1/1) | POS (1/1)
Diethylstilbestrol 56-53-1 POS POS POS (3/3) | POS(3/3) | POS (3/3)
Estrone 53-16-7 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Ethyl paraben 120-47-8 POS POS I(1) POS (1/1) POS (1/1)
Fenarimol 60168-88-9 POS POS POS (1/1) NT NT

Flutamide 13311-84-7 NEG I 1(1) NT NT

Genistein 446-72-0 POS POS POS (3/3) | POS(3/3) | POS (4/4)
Hydroxyflutamide | 52806-53-8 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Kaempferol 520-18-3 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Kepone 143-50-0 POS POS POS (1/1) | POS(1/1) | POS (1/1)
L-Thyroxine 51-48-9 POS NEG NEG (1/1) NT NT

Linuron 330-55-2 NEG NEG NEG (1/1) NT NT

meso-Hexestrol 84-16-2 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Methyl testosterone 58-18-4 POS POS POS (3/3) | POS (1/1) POS (2/2)

10
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Classification®
Substance | CASRN | gecvant | AT povam | e
Consensus
Norethynodrel 68-23-5 POS POS POS (2/2) | POS(1/1) | POS (2/2)
0,p’-DDT 789-02-6 POS POS POS (3/3) | POS (3/3) POS (3/3)
p-n-Nonylphenol 104-40-5 POS POS POS (3/3) | POS (3/3) POS (3/3)
p.p’-DDE 72-55-9 POS I 1(1/1) 1(1/1) NEG (1/1)
p,p’- Methoxychlor 72-43-5 POS POS POS (1/1) | POS (1/1) POS (2/2)
Phenobarbital 50-06-6 NEG NEG NEG (1/1) | NEG (1/1) NT
Procymidone 32809-16-8 NEG I 1(1/1) NT NT
Resveratrol 501-36-0 POS I POS (1/1) 1(1/1) NEG (2/3)
Spironolactone 52-01-7 NEG NEG NEG (1/1) NT NT
Tamoxifen 10540-29-1 POS I 1(1/1) I(1/1) POS (1/1)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods;

I = inadequate (positive or negative classification could not be determined because of poor-quality data);

NEG = negative; NT = not tested; POS = positive; XDS = Xenobiotic Detection Systems, Inc.

acceptance criteria.

laboratories.

Definitive classifications (positive or negative) were obtained for all 25 substances used to

BGI1Luc ER TA consensus classification represents the majority classification among the three validation

Number in parentheses represents test results (POS, NEG, or I) over the total number of trials that met test plate

evaluate test method accuracy for ER antagonist activity, allowing all 25 substances to be used to
assess antagonist accuracy.

11
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Table 3-2 25 ICCVAM-Recommended Substances Used to Evaluate ER Antagonist

Accuracy
Classification®
Substance CASRN BGl1Luc
ICCVAM ERTA
Consensus Consensus” XDS ECVAM Hiyoshi

170~Ethiny! estradiol 57-63-6 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
4-Hydroxytamoxifen 68047-06-3 POS POS POS (1/1) 1(22) POS (1/1)
Sa-Dihydrotestosterone 521-18-6 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1)
Apigenin 520-36-5 NEG NEG NEG (3/3) | NEG (3/3) | NEG (4/4)
Bisphenol A 80-05-7 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Butylbenzyl phthalate 85-68-7 NEG NEG NEG (3/3) | NEG (3/3) NEG (4/4)
Chrysin 480-40-0 NEG NEG NEG (1/1) NT NT
Coumestrol 479-13-0 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Daidzein 486-66-8 NEG NEG NEG (1/1) | NEG (/1) | NEG (/1)
Di-n-butyl phthalate 84-74-2 NEG NEG NEG (2/2) | NEG (1/1) | NEG (1/1)
Dicofol 115-32-2 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Diethylhexyl phthalate 117-81-7 NEG NEG NEG (1/1) | NEG (2/2) | NEG (1/1)
Diethylstilbestrol 56-53-1 NEG NEG NEG (1/1) | NEG (1/1) POS (1/1)
Genistein 446-72-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Kaempferol 520-18-3 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Kepone 143-50-0 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
Mifepristone 84371-65-3 NEG NEG NEG (1/1) NT NT
Norethynodrel 68-23-5 NEG NEG NEG (1/1) | NEG (1/1) NEG (1/1)
o.p’-DDT 789-02-6 NEG NEG NEG (3/3) | NEG (3/3) | NEG (4/4)
p-n-Nonylphenol 104-40-5 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
p.p-DDE 72-55-9 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Progesterone 57-83-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Raloxifene HCI 82640-04-8 POS POS POS (1/1) POS (1/1) POS (1/1)
Resveratrol 501-36-0 NEG NEG NEG (3/3) | NEG (3/3) NEG (3/3)
Tamoxifen 10540-29-1 POS POS POS (4/4) POS (3/3) POS (3/3)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number

(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods;
I = inadequate (positive or negative classification could not be determined because of poor-quality data);

NEG = negative; NT = not tested; POS = positive; XDS = Xenobiotic Detection Systems, Inc.

acceptance criteria.

laboratories.

BGI1Luc ER TA consensus classification represents the majority classification among the three validation

Number in parentheses represents test results (POS, NEG, or I) over the total number of trials that met test plate

The accuracy analysis using the 35 ICCVAM reference substances that produced a definitive

BG1Luc ER TA result in agonist testing indicated accuracy of 97% (34/35), sensitivity of 96%
(27/28), specificity of 100% (7/7), false positive rate of 0% (0/7), and false negative rate of 4%
(1/28) (Table 3-3). Analysis of accuracy using individual laboratory results indicated accuracy

ranging from 86% (25/29) to 97% (33/34), sensitivity from 92% (23/25) to 96% (27/28),

12




ICCVAM BG1Luc ER TA Evaluation Report

specificity from 50% (2/4) to 100% (6/6), false positive rates from 0% (0/6) to 50% (2/4), and
false negative rates from 4% (1/28) to 8% (2/25).

Table 3-3 Accuracy of the BG1Luc ER TA Agonist Data
False False
Laboratory N Accuracy Sensitivity Specificity Positive Rate | Negative Rate
. 97% 96% 100% 0% 4%
Combined 35°
(34/35) (27/28) (7/7) (0/7) (1/28)
97% 96% 100% 0% 4%
XDS 34
(33/34) (27/28) (6/6) (0/6) (1/28)
86% 92% 50% 50% 8%
ECVAM 29
(25/29) (23/25) (2/4) (2/4) (2/25)
. . 94% 93% 100% 0% 7%
Hiyoshi 32
(30/32) (27/29) (3/3) (0/3) (2/29)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number; XDS = Xenobiotic
Detection Systems, Inc.

a

produce a consensus classification and were omitted, leaving 35 substances for analysis.

A total of 42 substances were evaluated in the BG1Luc ER TA agonist test method. Seven substances did not

The antagonist accuracy analysis indicated an overall accuracy of 100% (25/25), sensitivity of
100% (3/3), specificity of 100% (22/22), false positive rate of 0% (0/22), and false negative rate

of 0% (0/3) (Table 3-4). Similarly, individual laboratory results indicated accuracy ranging from
96% (22/23) to 100% (25/25), sensitivity of 100% (3/3), and specificity of 95% (19/20) to 100%
(22/22).

Table 3-4 Accuracy of the BG1Luc ER TA Antagonist Data
False Positive False
Laboratory N Accuracy Sensitivity Specificity Rate Negative Rate
. 100% 100% 100% 0% 0%
Combined 25
(25/25) (3/3) (22/22) (0/22) (0/3)
100% 100% 100% 0% 0%
XDS 25
(25/25) (3/3) (22/22) (0/22) (0/3)
100% 100% 100% 0% 0%
ECVAM 23
(23/23) (3/3) (20/20) (0/20) (0/3)
) . 96% 100% 95% 5% 0%
Hiyoshi 23
(22/23) (3/3) (19/20) (1/20) (0/3)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number; XDS = Xenobiotic
Detection Systems, Inc.

35 Test Method Reliability

Intralaboratory reproducibility of the BG1Luc ER TA agonist and antagonist test methods was
assessed quantitatively by comparing the following:

* Relative light unit (RLU) values for the agonist and antagonist DMSO control and the
antagonist E2 control for all plates tested within each laboratory during the course of the
validation study

13
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* Results from Phases 2a and 2b testing, during which 12 substances were tested in at least
three independent experiments in each of the three laboratories

Because DMSO control RLU values are not normalized, they vary considerably between test
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the
within-plate variability of the four replicate DMSO control RLU values for all test plates that
passed acceptance criteria (i.e., coefficient of variation [CV] associated with within-plate DMSO
control RLU values). The range of means and CV values for within-plate DMSO control RLU
values are provided in Table 3-5. Mean plate DMSO RLU values ranged from a low of 511 to a
high of 9885, with a mean of 3749. However, within-plate variability of DMSO RLU control
values between replicate DMSO wells was low. Coefficients of variation ranged from 1% to 43%,
with a mean of 8%. Of the 218 agonist test plates that passed acceptance criteria, only six plates
had within-plate CV values greater than 20%.

Table 3-5 Agonist Within-Plate DMSO Control Data

Laborator Mean and Range of DMSO Mean and Range of CV N
y Control RLU Values (%)
. 3749 I
Combined 718
(511-9885) (1-43)
2800 I
XDS 93
(511-9885) (1-43)
3379 I
ECVAM 60
(828-73006) (1-33)
. . 5465 6
Hiyoshi 65
(1362-9383) (1-24)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the
Validation of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

For the antagonist assay, although mean plate DMSO RLU values ranged from a low of 132 to a
high of 8451 (mean = 3299), within-plate variability of DMSO RLU control values between
replicate DMSO wells was low, with CV values ranging from 1% to 52% (mean = 8%)

(Table 3-6). Of the 194 antagonist test plates that passed acceptance criteria, only eight plates had
within-plate CV values greater than 20%.
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Table 3-6 Antagonist Within-Plate DMSO Control Data
Mean and Range of DMSO o
Laboratory Control RLU Values Mean and Range of CV (%) N
. 3299 8
Combined 194
(132-8451) (1-52)
2230 9
XDS 79
(132-6860) (1-52)
3622 9
ECVAM 62
(1352-7333) (1-37)
) . 4030 6
Hiyoshi 53
(1625-8451) (1-20)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the
Validation of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Normalized and adjusted antagonist E2 control RLU values were used as acceptance criteria
throughout the validation study. The mean, standard deviation (SD), and CV values calculated for
the E2 control RLU value from all antagonist test plates that passed acceptance criteria are
provided in Table 3-7. Mean E2 control RLU values ranged from 5793 at Hiyoshi to 9246 at
ECVAM. Variability was low, with associated CV values ranging from 9% at ECVAM to 19% at
XDS.

Table 3-7 Antagonist E2 Control Values
Laboratory Mean RLU SD CV (%) N
XDS 7524 1443 19 79
ECVAM 9246 805 9 62
Hiyoshi 5793 791 14 53

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods;
N = number of plates that passed acceptance criteria; RLU = relative light unit; SD = standard deviation;
XDS = Xenobiotic Detection Systems, Inc.

Test substances are classified as positive or negative for agonist activity based on a specific set of
criteria. The resulting classifications for each of the 12 substances that were tested at least three
times at each laboratory were used to evaluate the extent of intralaboratory agreement (see

Table 3-8). Although the classifications for some of the test substances differed among the
laboratories, there was 100% agreement within each laboratory for each of the three repeat tests.
There were no “inadequate” data generated at any laboratory during this phase of the validation
study.
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Table 3-8 Intralaboratory Agreement for Multiple Testing of the 12 Phase 2 Agonist
Substances Tested Independently at Least Three Times at Each Laboratory

Activity per Test XDS ECVAM Hiyoshi
Agreement within 12/12 (100%) 12/12 (100%) 12/12 (100%)
laboratory

et 8/12 12/12 9/12
-— 4/12 0/12 3/12
Discordance within o 0 0
aboratory 0/12 (0%) 0/12 (0%) 0/12 (0%)
4 0/12 0/12 0/12

+— 0/12 0/12 0/12

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

+ denotes a positive test result.

- denotes a negative test result.

+++ indicates that each of three replicate tests within each laboratory had a classification as positive.
--- indicates that each of three replicate tests within each laboratory had a classification as negative.

++- indicates that in two of three replicate tests, a test substance was classified as positive. The substance was classified
as negative in a third replicate test.

+-- indicates that in one of three replicate tests, the test substance was classified as positive. The substance was
classified as negative in the remaining two tests.

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement

The BG1Luc ER TA test method utilizes cultured human ovary adenocarcinoma cells that
endogenously express human ER and contain an estrogen-inducible gene expression system.
Except for the fetal bovine sera used as part of the cell culture media, the test method does not
require the use of animals.

The BG1Luc ER TA test method is being proposed as an independent part of a weight-of-
evidence approach to prioritize potentially endocrine-active substances for further testing.
Therefore, like the EPA OPPTS 890.1300/0OECD TG 455 method, the test does not directly
reduce, refine, or replace animal use. However, regulators currently use the following three in
vivo methods to assess the estrogenic potential of substances: (1) rat uterotrophic assay, (2) rat
pubertal female assay, and (3) fish short-term reproduction assay. In addition, the “in vitro” rat
uterine cytosol ER binding assay also requires the use of animals as a source of ER.

Results from the BG1Luc ER TA test method were examined for concordance with published
reports of ER binding. There was 97% (33/34) concordance between the BG1Luc ER TA test
method and ER binding data. In light of the excellent degree of agreement between ER binding
and BG1Luc ER TA test method results (with no false negative results), it appears that evaluating
results from BG1Luc ER TA agonist and antagonist testing may provide a viable alternative to
conducting ER binding studies, which use animals as a source of ER. This cannot currently be
accomplished with the only accepted ER TA method because of the inability of the EPA

OPPTS 890.1300/OECD TG 455 method to assess ER antagonist activity.

Results from the BG1Luc ER TA test method were examined for concordance with published
data from the uterotrophic assay. Based on a comparison with the in vivo uterotrophic assay
classification, the 13 substances with data from the uterotrophic assay and conclusive test results
in the BG1Luc ER TA agonist test method produced overall concordance of 92% (12/13). All
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substances found positive in the uterotrophic assay were also positive in the BG1Luc ER TA test
method. The only discordant substance, butylbenzyl phthalate, was positive for ER agonist
activity in the BG1Luc ER TA agonist test method and negative in the uterotrophic assay. These
data indicate that the BG1Luc ER TA agonist test method had very good agreement with the in
vivo results obtained with the uterotrophic assay, with no false negative results.

The development of a battery of in vitro and in silico methods that can replace animal testing for
detecting potential EDs is a biologically complex challenge. The experience derived from
validating and using the in vitro BG1Luc ER TA test method is expected to contribute to our
knowledge and promote progress toward this goal.
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4.0 BG1Luc ER TA Test Method Performance Standards

Prior to the acceptance of a new test method for regulatory testing applications, validation studies
are conducted to assess its reliability (i.e., the extent of intra- and interlaboratory reproducibility)
and its relevance (i.e., the ability of the test method to correctly predict or measure the biological
effect of interest) (ICCVAM 1997, 2003b; OECD 1996, 2005). The purpose of performance
standards is to communicate the basis by which new proprietary and nonproprietary test methods
have been determined to have sufficient accuracy and reliability for a specific testing purpose.
These performance standards can then be used to evaluate the accuracy and reliability of other
proposed test methods that are considered functionally and mechanistically similar to the
accepted test method.

4.1 Elements of ICCVAM Performance Standards

Performance standards are based on an adequately validated test method and provide a basis for
evaluating the comparability of a proposed test method that is functionally and mechanistically
similar (ICCVAM 2003b). The three elements of performance standards are the following:

* Essential test method components: These consist of essential structural, functional, and
procedural elements of a validated test method. They should be included in the protocol of a
proposed test method that is functionally and mechanistically similar to the validated method.
Essential test method components include unique characteristics of the test method, critical
procedural details, and quality control measures.

* A minimum list of reference substances: Reference substances are used to assess the accuracy
and reliability of a proposed functionally and mechanistically similar test method. These
substances are a representative subset of those used to demonstrate the accuracy and
reliability of the validated test method.

* Accuracy and reliability values: These are the standards for accuracy and reliability that the
proposed test method should meet or exceed when evaluated using the minimum list of
reference substances.

4.2 LUMI-CELL (BG1Luc ER TA) Test Method Performance Standards

4.2.1 Background

The BG1Luc ER TA test method uses an ER-responsive reporter gene (fuc) in the human ovarian
adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or antagonist
activity. The primary objective of this test method is to provide a qualitative assessment of in
vitro estrogenic activity (i.e., whether a substance is positive or negative for estrogenic activity).
Quantitative analysis is also performed to provide additional information on the estrogenic
potency of test substances. For example, quantitative analysis can determine the half-maximal
effective concentration (ECs,) or the half-maximal inhibitory concentration (ICsy). Separate
protocols are used to identify substances that possess ER agonist or antagonist activity, although
the two protocols share most major components (see Appendices B1 and B2).

NICEATM coordinated and led an international validation study of the BG1Luc ER TA test
method with ECVAM and JaCVAM. The study proceeded in four phases, during which

78 reference substances were tested (see Appendix C). Results from this validation study served
as the basis for the BG1Luc ER TA test method performance standards, which are applicable for
assessing the validity of methods that are functionally and mechanistically similar to the BG1Luc
ER TA test method. These performance standards can also be used by naive laboratories to
demonstrate technical proficiency in performing the BG1Luc ER TA test method. The
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performance standards consist of (1) essential test method components, (2) reference substances,
and (3) an assessment of accuracy and reliability.

4.2.2 BGI1Luc ER TA Essential Test Method Components and Other Validation
Considerations

Certain principles are important in delineating the essential test method components that
determine whether a modified test is functionally and mechanistically similar to the BG1Luc ER
TA test method. I vitro ER TA assays are designed to identify substances that might interfere
with estrogenic homeostasis in vivo. The interaction of estrogens with cellular ERs initiates a
cascade of events. A number of in vitro endpoints can be used to assess ER—ligand interactions,
including receptor binding, cellular proliferation, and transcriptional activation (reporter gene).
Unlike receptor binding assays, TA assays can identify whether ligand—-receptor association
potentiates (agonist) or inhibits (antagonist) estrogenic signaling (Davenport and Russell 1996).

In the BG1Luc ER TA test method, ER-mediated transcription of the /uc gene results in the
production of luciferase, the activity of which is quantified using a luminometer. A
concentration—response curve can be established to provide qualitative and quantitative
information regarding the in vitro estrogenic activity of a test substance.

4.2.2.1 Essential Test Method Components

ICCVAM previously recommended minimum essential test method components for in vitro ER
TA test method protocols (ICCVAM 2003a). These components were incorporated into the
BG1Luc ER TA test method protocols during a protocol standardization study. During the
protocol standardization study, protocols were developed for use in the international validation
study (see Appendices B1 and B2). During the multiphase validation study, the protocols were
refined, ultimately resulting in optimized protocols for agonist and antagonist testing. In order to
be considered functionally and mechanistically similar to the BG1Luc ER TA test method, a
modified ER TA test method protocol must include the following components, which are based
on the optimized test method protocols, to ensure that the same biological effect is being
measured. If any of these criteria are not met, then these performance standards cannot be used
for validation of the modified test method.

Cell Line

The BG1Luc ER TA test method is based on a human ovarian adenocarcinoma cell line that
endogenously expresses ERa (90%) and ER (10%) (Pujol et al. 1998) and uses a stably
transfected luciferase-based reporter gene system. Other cell lines that endogenously express
human ERs and are stably transfected with a reporter gene system may be appropriate for
validation using these performance standards.

Solvent
Reference standards, controls, and test substances should be dissolved in a solvent (e.g.,

1% DMSO) that is miscible with cell culture media at concentrations that are not cytotoxic and
that do not otherwise interfere with the test system.

Limit Concentration and Cytotoxicity

The maximum test substance concentration should be 1 mM for ER TA agonist testing and

10 uM for ER TA antagonist testing unless otherwise limited by solubility, cytotoxicity, or other
mechanisms that interfere with assay performance. A minimum of seven concentrations spaced at
logarithmic (log10) intervals, up to the limit concentration, should be tested. An evaluation of
cytotoxicity and how it is applied to the test method should be included in each study. Any
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concentration of test substance that reduces viability by greater than 20% should not be
considered in the analysis of the data.

Reference Standards

A reference estrogen (e.g., 17p-estradiol [E2]) and a reference anti-estrogen (e.g., raloxifene HCI)
should be used as reference standards to demonstrate the adequacy of the test method for
detecting ER TA agonist and antagonist activity, respectively. The ability of the reference
estrogen to induce ER TA activity and the reference anti-estrogen to inhibit ER TA activity
should be demonstrated by generating a full concentration—response curve in each experiment. At
a minimum, the E2 reference standard should provide a threefold induction relative to the solvent
control. For antagonist testing, a minimum threefold reduction in the reference anti-estrogenic
standard response (e.g., raloxifene HCI) should be demonstrated.

Controls

A set of concurrent controls (i.e., solvent, cell culture media) should be included in each
experiment to provide a measure of ER TA activity in the absence of reference standards or test
substances. A weak positive agonist control (e.g., p.p -methoxychlor) with an ECs, five to six
orders of magnitude higher than the reference estrogen should be included in each ER TA agonist
study to demonstrate that the test method is functioning properly and is sufficiently sensitive to
detect weak ER agonists. A weak positive antagonist control (e.g., tamoxifen) that demonstrates
ER TA antagonist activity slightly below the 10 uM limit concentration should be included in
each ER TA antagonist study to demonstrate that the test method is functioning properly and is
sufficiently sensitive to detect weak ER antagonists. In addition, ER TA antagonist studies should
include a concurrent control using the reference estrogen (e.g., E2) to establish a baseline level of
induction (~80% of E2 maximum) against which antagonistic activity of test substances can be
assessed.

Interpretation of Results
For ER TA agonist testing:

* All test substances classified as positive for ER TA agonist activity should have a
concentration—response curve consisting of a baseline followed by a positive slope,
concluding in a plateau or peak. In some cases, only two of these characteristics (baseline—
slope or slope—peak) may be defined.

* The line defining the positive slope must contain at least three points with nonoverlapping
error bars (mean + SD). Points forming the baseline are excluded, but the linear portion of the
curve may include the peak or first point of the plateau.

* A positive classification requires a response amplitude, the difference between baseline and
peak, of at least 20% of the average maximal value of the reference estrogen, e.g.,

2000 RLUs when the maximal response value of the reference estrogen is adjusted to
10,000 RLUs. (See Figure 4-1 for an example of a concentration—response curve for a
substance that is positive for ER TA agonist activity.)

¢ Ifpossible, an ECsy value should be calculated for each positive substance.

* For all concentration—response curves that fail to meet the criteria for a positive response, test
substances are classified as negative for agonist activity if all data points are below 20% of
the maximal value for the reference estrogen, e.g., 2000 RLUs when the maximal response
value of the reference estrogen is adjusted to 10,000 RLUs.
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Figure 4-1 Example Concentration—Response Curve for an ER TA Agonist
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Abbreviations: E2 = 17p-estradiol; M = molar; RLU = relative light unit.

Horizontal dotted line represents 20% of the maximum response of the E2 reference standard.
Test substance shown is p,p -methoxychlor.

E2 reference standard data is presented as the mean value of duplicate wells.

p.p -Methoxychlor data are presented as the mean and SD values of three replicate wells.

For ER TA antagonist testing:

* All substances classified as positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline followed by a negative slope.

* The line defining the negative slope must contain at least three points with nonoverlapping
error bars (representative of means = SDs). Points forming the baseline are excluded, but the
linear portion of the curve may include the first point of the plateau.

* A positive classification requires a response amplitude of less than 80% of the value for the
reference estrogen. The response amplitude is defined as the difference between the baseline,
established by the reference estrogen, and the bottom of the dose—response curve.

* The highest noncytotoxic concentrations of the test substance should be less than or equal to
10 uM. (See Figure 4-2 for an example of a concentration—response curve for a substance
that is positive for ER TA antagonist activity.)

* Test substances are classified as negative for ER antagonist activity if all data points are
above 80% of the reference estrogen response, or 8000 RLUs.
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Figure 4-2 Example Concentration—Response Curve for an ER TA Antagonist
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Abbreviations: M = molar; RLU = relative light unit.

Horizontal dotted line represents 80% of the response of the 17f3-estradiol reference estrogen.
Test substance shown is tamoxifen.

Ral/E2 reference standard data are presented as the mean value of duplicate wells.
Tamoxifen data are presented as the mean and SD values of three replicate wells.

Data and Reporting
The validation report should include the following information:

—Reporter Plasmid (if different than that used in BGILuc ER TA test method)

* Type and structure of ER response elements

*  Description of promoter region

* Name, identification, and source of original plasmid used to make construct
* Description and methodology used to make the transfected plasmid

* Nomenclature and genetic components comprising the reporter construct

—Cell Line

* Source and nomenclature of the cell line and protocol for its maintenance before and after
transfection

*  Source of cell culture media, materials, and supplies

* Passage number of subcultures used in the study

*  Methods for maintaining stably transfected cell line
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*  Methods used to monitor the stability of the cell line used for testing

* Rationale, based on data, for deciding on the number of passages a cell line can undergo
without a decrease in activity

* Details regarding selection requirements needed to maintain stable cell lines

¢ Ifknown, details regarding the relative amounts of ERa and ERf

—Test Method Conditions

* Composition of media and reagents used

¢ Incubation volume, duration, and temperature

*  Method used to measure ER TA activity

* Methods used to evaluate data, determine response, and calculate ECs, or ICs, values

—Reference Standards, Controls, and Test Substances

* Name, chemical structure, CAS Registry Number (CASRN), purity, and supplier
* Physicochemical properties relevant to the study (e.g., solubility, pH, stability, volatility)
* Concentrations and volumes used

—Solvent

*  Name, CASRN, purity, and supplier

¢ Justification for choice of solvent

* Information on the solubility of test substances in solvent used

* Information to demonstrate that the solvent, at the maximum volume used, is not cytotoxic
and does not otherwise interfere with the study

—Criteria for an Acceptable Test

*  Concurrent reference standard and control data
* Laboratory-specific historical ranges of reference standard and control data
*  Definition of exclusion criteria and description of the impact of any excluded data

—Results

* Reference standard and control results

*  Test substance solubility results

* Test substance cell viability results

* (Calculated reference standard and test substance ECsy and ICs, values

*  QGraphically presented reference standard, control, and test substance results

—Discussion of Results

* Impact of solubility and cytotoxicity on test results
* Reproducibility of reference standard and control data

—Conclusion

¢ (lassification of test substances with regard to in vitro ER TA agonist or antagonist activity

Other Validation Considerations

The following additional points should be considered during the validation of test methods that
are functionally and mechanistically similar to the BG1Luc ER TA test method:

* Appropriate quality assurance systems (i.e., in accordance with Good Laboratory Practice
guidelines (EPA 2006b, 2006a; FDA 2009; OECD 1998) are required.

*  The study should be conducted according to U.S. (ICCVAM 1997) and international
validation principles (OECD Guidance Document 34) (OECD 2005).
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4.2.3 Reference Substances for In Vitro ER TA Test Methods

To ensure that a proposed in vitro ER TA test method possesses reliability and accuracy
characteristics similar to those of the validated test method (in this case the BG1Luc ER TA test
method), the proposed test method should use at least the agonist reference substances listed in
Table 4-1 and the antagonist reference substances listed in Table 4-2. All substances should be
tested in a coded/blinded manner. When evaluated using these reference substances, the accuracy
(i.e., sensitivity, specificity, false positive rates, and false negative rates) and reliability of the
proposed ER TA test method should approximate those of the validated ER TA test method, as
detailed in Section 4.2.4. Although it is not realistic to expect test methods to perform identically,
discordant results should be addressed in terms of the test method’s ability to accurately classify
other substances with similar potencies and from the same chemical/product classes.

4.2.3.1 Criteria for Selection of Reference Substances

ICCVAM previously compiled and recommended a list of 78 substances for use in validation
studies for in vitro ER and AR binding and TA test methods (ICCVAM 2003a, 2006). These
substances were selected based on information contained in the ICCVAM BRDs for AR and ER
binding and TA test methods (ICCVAM 2002d, 2002a, 2002c, 2002b), as well as information
obtained from publications reviewed or published after completion of the ICCVAM BRDs.
Factors and criteria considered necessary for selecting reference substances included:

* A well-defined chemical structure

¢ Comparatively low systemic toxicity

*  Good availability from commercial sources

* A concentration—response range that could be measured or predicted by the test method
* Minimal disposal cost

Because the BG1Luc ER TA test method is used only to detect substances with in vitro ER TA
agonist or antagonist activity, the following criteria were used to classify each reference
substance with respect to ER TA agonist and antagonist activity:

* A substance was classified as POS if it was reported as positive in >50% of referenced ER
TA studies.

* A substance was classified as NEG if it was reported as negative in all referenced ER TA
studies (at least two studies were required for negative classification).

* A substance was classified as PP (presumed positive) if it was positive in 50% or fewer
referenced ER TA studies, or if it was reported positive in the single study conducted.

* A substance was classified as PN (presumed negative) if it was reported negative in a single
ER TA study.

* Substances without data were classified as PP or PN based on other available information,
including their known mechanism of action or their responses in other ER assays.

Only those substances that could be definitively classified as POS or NEG were used to assess
accuracy (substances classified as PP or PN were not considered when evaluating test method
accuracy). Accordingly, this subset of substances was used to select the final list of reference
substances listed in Tables 4-1 and 4-2. Recognizing that the number of available reference
substances that are definitively negative for agonist activity (Table 4-1) or definitively positive
for antagonist activity (Table 4-2) is limited, these lists may be updated as additional substances
with these characteristics are identified. Accordingly, users should be aware that the reference
substance list could be revised based on any additional studies that are conducted in the future.
ICCVAM recommends that users consult the NICEATM—-ICCVAM website
(http://iccvam.niehs.nih.gov/) to ensure use of the most current reference substance list.
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Table 4-1 34 Reference Substances for Evaluation of ER Agonist Accuracy
BG1Luc BG1Luc ER .
Substance® CASRN écofs‘e]r?slfs ERTA TA Mean MeSI—(I:lS :s%mlcal Product Class®
Consensus® ECsy (M)*
Ethyl paraben 120-47-8 POS POS 248 x 10° | Carboxylic Acid, ) - Pharmaceutical,
Phenol Preservative
Heterocyclic
Fenarimol 60168-88-9 POS POS 4.59 x 10 Compound, Fungicide
Pyrimidine
Flavonoid,
Kaempferol 520-18-3 POS POS 3.99 x 10 Heterocyclic Natural Product
Compound
Methyl testosterone| 58-18-4 POS POS 3.29 % 10 Steroid Pharmaceutical,
Veterinary Agent
Flavonoid,
Chrysin 480-40-0 POS POS 3.20 x 10 Heterocyclic Natural Product
Compound
6 Chemical
p-n-Nonylphenol 104-40-5 POS POS 3.06 x 10 Phenol Intermediate
Hydrocarbon
Dicofol 115-32-2 POS POS 2.22 % 10° (Cyclic). Pesticide
Hydrocarbon
(Halogenated)
. . Plasticizer.
Butylbenzyl 6 Carboxylic Acid, .
phthalate 85-68-7 POS POS 1.98 x 10 Ester, Phthalic Acid Indust.rlal
Chemical
, 6 Hydrocarbon Pesticide,
p,p’-Methoxychlor | 72-43-5 POS POS 1.92 x 10 (Halogenated) Veterinary Agent
Dye, Natural
. % Heterocyclic Product,
Apigenin 520-36-5 POS POS 1.85 x 10 Compound Pharmaceutical
Intermediate
19-Nortestosterone | 434-22-0 POS POS 1.80 x 10 Steroid Pharmaceutical,
Veterinary Agent
Flavonoid,
Daidzein 486-66-8 POS POS 8.71 x 107 Heterocyclic Natural Product
Compound
Chemical
. 7 Intermediate,
Bisphenol A 80-05-7 POS POS 5.33 x 10 Phenol Flame Retardant,
Fungicide
7 Hydrocarbon ..
Kepone 143-50-0 POS POS 491 x 10 (Halogenated) Pesticide
5 7 Hydrocarbon .
o,p’-DDT 789-02-6 POS POS 3.94 x 10 (Halogenated) Pesticide
4-Cumylphenol | 599-64-4 POS POS 3.20 x 107 Phenol Chemical
Intermediate
Flavonoid,
Genistein 446-72-0 POS POS 271 x 107 Heterocyclic | atural Product,
Pharmaceutical
Compound
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BG1Luc BG1Luc ER .
Substance® CASRN écor(ljs‘e]r?sltl/[s ERTA TA Mean MeSI—él(;‘ :S%mlcal Product Class®
Consensus’ ECsy (M)*
Chemical
. 7 Intermediate,
Bisphenol B 77-40-7 POS POS 1.67 x 10 Phenol Flame Retardant,
Fungicide
Coumestrol 479-13-0 POS POS 8.77 x 10°® Heterocyclic Natural Product
Compound
Chemical
4-tert-Octylphenol | 140-66-9 POS POS 3.19 % 10° Phenol [ntermediate,
Pharmaceutical
Intermediate
170c-Estradiol 57-91-0 POS POS 1.54 % 107 Steroid Pharmaceutical,
Veterinary Agent
Norethynodrel 68-23-5 POS POS 9.39 x 107" Steroid Pharmaceutical
Estrone 53-16-7 POS POS 257 x 10" Steroid Pharmaceutical,
Veterinary Agent
. . 11 Hydrocarbon Pharmaceutical,
Diethylstilbestrol 56-53-1 POS POS 3.34 x 10 (Cyclic) Veterinary Agent
meso-Hexestrol 84-16-2 POS POS 1.65 x 10! Steroid Pharmaceutical,
Veterinary Agent
17B-Estradiol 50-28-2 POS POS 837 x 10712 Steroid Pharmaceutical,
Veterinary Agent
17%-Ethinyl 57-63-6 POS POS 731 x 1072 Steroid Pharmaceutical,
estradiol Veterinary Agent
Atrazine 1912-24-9 NEG NEG - Heterocyclic Herbicide
Compound
Bicalutamide 90357-06-5 NEG NEG - Amide Pharmaceutical
Corticosterone 50-22-6 NEG NEG - Steroid Pharmaceutical
Hydroxyflutamide | 52806-53-8 NEG NEG - Amide Pharmaceutical
Linuron 330-55-2 NEG NEG - Urea Herbicide
Heterocyclic Pharmaceutical
Phenobarbital 50-06-6 NEG NEG - Compound, AN
SR Veterinary Agent
Pyrimidine
Spironolactone 52-01-7 NEG NEG - Lactone, Steroid Pharmaceutical

(American Chemical Society); ECs, = half-maximal effective concentration of a test substance;

ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar;

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number

MeSH = Medical Subject Headings (U.S. National Library of Medicine); NEG = negative; POS = positive.
Substances are listed in order based upon ECs, values.
BG1Luc ER TA consensus classification represents the majority classification among the three validation laboratories.

Mean ECs, values were calculated with values reported by the laboratories of the BG1Luc ER TA validation study
(XDS, ECVAM, and Hiyoshi).
Substances were assigned to one or more chemical or product classes using the U.S. National Library of Medicine’s
Medical Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at

http://www.nlm.nih.gov/mesh).
Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).
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Table 4-2 10 Reference Substances for Evaluation of ER Antagonist Accuracy
ICCVAM BG1Luc BG1Luc ER MeSH
Substance® CASRN »| ERTA TA Mean ICs, Chemical Product Class*
Consensus ¢ d
Consensus ™M) Class
Tamoxifen 10540-29-1 POS POS 8.17x 107 | Hydrocarbon | by aceutical
(Cyclic)
4-Hydroxytamoxifen 68047-06-3 POS POS 2.08 x 107 Hy(cg;’gf‘ir;o“ Pharmaceutical
Raloxifene HCI 82640-04-8 POS POS 119x 10?0 | Hydrocarbon | by ceutical
(Cyclic)
Pharmaceutical,
17-Ethinyl estradiol 57-63-6 NEG NEG - Steroid Veterinary
Agent
Dye, Natural
. Heterocyclic Product,
Apigenin 520-36-5 NEG NEG ) Compound Pharmaceutical
Intermediate
Flavonoid,
Chrysin 480-40-0 NEG NEG - Heterocyclic | Natural Product
Compound
Coumestrol 479-13-0 NEG NEG - Heterocyclic Natural Product
Compound
Flavonoid,
Genistein 446-72-0 NEG NEG - Heterocyclic | atural Product,
Pharmaceutical
Compound
Flavonoid,
Kaempferol 520-18-3 NEG NEG - Heterocyclic | Natural Product
Compound
Resveratrol 501-36-0 NEG NEG - Hydrocgrbon Natural Product
(Cyclic)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ICso = half-maximal inhibitory concentration; ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; M = molar; MeSH = Medical Subject Headings (U.S.
National Library of Medicine); NEG = negative; POS = positive.

Substances are listed in order based upon 1Cs, values.

BGI1Luc ER TA consensus classification represents the majority classification among the three validation
laboratories.

Mean ICs, values were calculated with values reported by the laboratories of the BG1Luc ER TA validation study
(XDS, ECVAM, and Hiyoshi).

Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical
Subject Headings (MeSH), an internationally recognized standardized classification scheme (available at
http://www.nlm.nih.gov/mesh).

Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

4.2.3.2 Characteristics of Selected Reference Substances
The reference substances include a range of chemical and product classes representative of the
classes commonly associated with endocrine disruption.

Agonist and antagonist test method intralaboratory reproducibility was evaluated using nine
substances and four substances, respectively, that were each tested three times on three separate
days at each laboratory. Agonist and antagonist test method interlaboratory reproducibility was
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evaluated using 27 and 8 substances, respectively, that were tested at least once in each laboratory
during the validation study.

4.2.4 Accuracy and Reliability Performance Values

The final elements of performance standards are the accuracy and reliability values (i.e., test
method performance) that should be met or exceeded by the proposed test method when
evaluated with the reference substances. Accuracy is defined as the closeness of agreement
between a test method result and an accepted reference value. Reliability is the degree to which a
test method can be performed reproducibly within and among laboratories over time (ICCVAM
2003Db). For these performance standards, the proposed test method should have accuracy and
reliability characteristics that approximate those of the validated ER TA test method, which are
detailed below. Although it is not realistic to expect test methods to perform identically,
discordant results should be addressed in terms of the test method’s ability to accurately classify
other substances with similar potencies and from the same chemical/product classes.

4.2.4.1 Test Method Accuracy

The analysis of agonist activity for the 34 substances in Table 4-1 indicated an overall accuracy
of 100% (34/34), sensitivity of 100% (27/27), specificity of 100% (7/7), false positive rate of 0%
(0/7), and false negative rate of 0% (0/27).

The analysis of antagonist activity for the 10 substances in Table 4-2 indicated an overall
accuracy of 100% (10/10), sensitivity of 100% (3/3), specificity of 100% (7/7), false positive rate
of 0% (0/7), and false negative rate of 0% (0/3).

4.2.4.2 Test Method Reliability

For the BG1Luc ER TA agonist test method, there was 100% agreement within each laboratory
for each of the three repeat tests for nine reference substances tested in Phase 2 of the agonist
validation study. When results were compared across laboratories for these nine substances, there
was 78% (7/9) agreement among the three laboratories for the substances. An additional

17 substances tested once in each laboratory for agonist activity produced a definitive result in at
least two laboratories. There was agreement among the laboratories for 82% (14/17) of these
substances.

For the BG1Luc ER TA antagonist test method, there was 100% agreement within each
laboratory for each of the three repeat tests for four reference substances tested in Phase 2 of the
antagonist validation study. When results were compared across laboratories for these four
substances, there was 100% agreement among the three laboratories for all four substances. An
additional five substances tested once in each laboratory for antagonist activity produced a
definitive result in at least two laboratories. There was agreement among the laboratories for 80%
(4/5) of these substances.
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5.0 ICCVAM Consideration of Public Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process on the use of the BG1Luc ER TA test method as a screening
method to identify in vitro ER agonists and antagonists included one public review meeting by an
independent scientific peer review panel, multiple opportunities for public comments, and
comments from SACATM. ICCVAM and the EDWG considered the Panel report, SACATM
comments, and all public comments before finalizing the ICCVAM test method evaluation report
and BRD for the use of the BG1Luc ER TA test method. This section summarizes the ICCVAM
consideration of public comments (see Appendix E).

5.1 ICCVAM Consideration of Public and SACATM Comments

Six opportunities for public comment were provided during the ICCVAM evaluation of the
BGI1Luc ER TA test method (Table 5-1). A total of nine comments were submitted. Federal
Register notices published by NICEATM-ICCVAM during evaluation of the BG1Luc ER TA test
method are available in Appendix E and from the NICEATM-ICCVAM website
(http://iccvam.niehs.nih.gov/). Comments received in response to or related to the Federal Register
notices are available on the NICEATM—-ICCVAM website.* The following sections, delineated by
Federal Register notice and public meeting, briefly discuss the public comments received.

Table 5-1 Opportunities for Public Comments
Number of Public
Opportunity for Public Comment Date Comments
Received
69 FR 21564 - In Vitro Endocrine Disruptor Test Methods: April 21, 2004 0

Request for Comments and Nominations

71 FR 13597 - Notice of Availability of a Revised List of
Recommended Reference Substances for Validation of In Vitro
Estrogen and Androgen Receptor Binding and Transcriptional March 16, 2006 0
Activation Assays: Request for Comments and Submission of /n
Vivo and In Vitro Data

74 FR 62317 - Evaluation of In Vitro Estrogen Receptor
Transcriptional Activation and /n Vitro Cell Proliferation
Assays for Endocrine Disruptor Chemical Screening: Request November 27, 2009 6
for Nominations for an Independent Expert Peer Review Panel
and Submission of Relevant /n Vitro and In Vivo Data

76 FR 4113 - Announcement of an Independent Scientific Peer
Review Panel Meeting on an In Vitro Estrogen Receptor
Transcriptional Activation Test Method for Endocrine Disruptor | January 24, 2011 1
Chemical Screening; Availability of Draft Background Review
Document (BRD); Request for Comments

76 FR 23323 - Meeting of the Scientific Advisory Committee

on Alternative Toxicological Methods (SACATM) April 26, 2011 2

76 FR 28781 - Independent Scientific Peer Review Panel
Report: Evaluation of the Validation Status of an /n Vitro
Estrogen Receptor Transcriptional Activation Test Method for May 18, 2011 0
Endocrine Disruptor Chemical Screening: Notice of Availability
and Request for Public Comments

* http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfm
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5.1.1 Public Comments in Response to 69 FR 21564 (April 21, 2004)

In Vitro Endocrine Disruptor Test Methods: Request for Comments and Nominations
NICEATM requested nomination of ER and AR binding and TA test methods for validation
studies.

No public comments were received in response to this Federal Register notice.

5.1.2 Public Comments in Response to 71 FR 13597 (March 16, 2006)

Notice of Availability of a Revised List of Recommended Reference Substances for
Validation of In Vitro Estrogen and Androgen Receptor Binding and Transcriptional
Activation Assays: Request for Comments and Submission of In Vivo and In Vitro Data
NICEATM announced the availability of an addendum (ICCVAM 2006) to the ICCVAM
Evaluation of In Vitro Test Methods for Detecting Potential Endocrine Disruptors: Estrogen
Receptor and Androgen Receptor Binding and Transcriptional Activation Assays (ICCVAM
2003a). The addendum describes the rationale for proposed revisions to the original list of
recommended reference substances for validation of in vitro ER and AR binding and TA assays.
NICEATM requested public comments on the substances proposed as substitutes for six of the
78 substances in the original list. Data were also requested from in vitro and in vivo studies
evaluating the estrogenic and androgenic activity of the 78 substances in the revised list of
reference substances.

No public comments were received in response to this Federal Register notice.

5.1.3 Public Comments in Response to 74 FR 62317 (November 27, 2009)

Evaluation of In Vitro Estrogen Receptor Transcriptional Activation and In Vitro Cell
Proliferation Assays for Endocrine Disruptor Chemical Screening: Request for
Nominations for an Independent Expert Peer Review Panel and Submission of Relevant In
Vitro and In Vivo Data

NICEATM requested:

* Nominations of expert scientists for consideration as potential Panel members

*  Submission of existing data from the LUMI-CELL ER and the CertiChem MCF-7 cell
proliferation assays

* Submission of data from in vivo or other in vitro assessments for the 78 reference substances
recommended by ICCVAM for the validation of in vitro ER and AR binding and TA test
methods

NICEATM received six public comments in which nine potential panelists were nominated for
consideration. The nominees were included in the database of experts from which the Panel was
selected.

5.1.4 Public Comments in Response to 76 FR 4113 (January 24, 2011)

Announcement of an Independent Scientific Peer Review Panel Meeting on an In Vitro
Estrogen Receptor Transcriptional Activation Test Method for Endocrine Disruptor
Chemical Screening; Availability of Draft Background Review Document (BRD); Request
for Comments

NICEATM invited public comments on the draft BRD and draft ICCVAM test method
recommendations. One public comment was received that included a number of suggestions.

The commenter proposed assigning a level of confidence ranking to the reference data.
Substances for which there is a low degree of confidence in the reference data should be deleted
from the reference list and omitted from validation studies. With regard to specific test
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substances, the commenter stated that the discordant results among laboratories for atrazine,
corticosterone, and dicofol were not fully explained.

ICCVAM Response

The independent scientific peer review panel concluded that it is reasonable to use the majority
classification criteria among published study results (i.e., >50%) to establish the consensus
reference classification for each reference substance. The Panel suggested that this approach
could be improved by a ranking method, such as Klimisch criteria (Klimisch et al. 1997), that
focuses primarily on the reliability of the data. Such a method would clarify the relative quality of
the reference data and strengthen the classification. ICCVAM concurred that additional review
and ranking of the published reports would strengthen the utility of literature citations for
classifying the reference substances and agreed to take this into consideration in future
evaluations.

The commenter questioned the use of flavone as the weak positive control in the antagonist
protocol. The commenter further stated that differences among the laboratories in range finder
starting concentrations were not fully explained.

ICCVAM Response

During protocol standardization, a number of substances were evaluated for use as the weak
antagonist control. Flavone produced a dose response and an ICsy = 4.3 x 107 M, which was
consistent with the single literature reference for this compound (reported ICsy= ~15 uM) and
was two times below that of raloxifene. Based on these results, flavone was chosen as the weak
antagonist control for the validation study. However, after review of the data from the completed
study, it was apparent that the vast majority of test substances classified as “negative” or
“presumed negative” produced a “positive” response at concentrations above ~10 uM. Use of
flavone as a weak antagonist control was therefore reconsidered.

The commenter suggested including quantitative comparison of test substances (such as ECs
values) and indicated that it would be helpful to include data presented as a relative potency index
(the ECs of the positive control divided by the ECs, of the test substances, multiplied by 100).

ICCVAM Response

Quantitative measures of activity (i.e., ECsy and ICs, values) were generated and presented in the
BRD. The independent scientific peer review panel considered the descriptive approach for
evaluating test method reliability acceptable but also suggested additional statistical analyses that
could be performed to better characterize and clarify variability. The Panel suggested that a
quantitative measure of activity should be included in each future study report, and the
uncertainty associated with these estimates should also be reported.

5.1.5 Public Comments in Response to 76 FR 23323 (April 26, 2011)

Meeting of the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comments on
the agenda topics. Two public comments were received.

One commenter supported the validation of the BG1Luc ER TA test method and recommended
modifications of the protocol that would allow for the implementation of a liquid handling
system. The commenter felt that the use of a liquid handling system would greatly increase
sample throughput.

ICCVAM Response
The use of a liquid handling system represents a potential improvement to the protocol that could
increase throughput. Use of a liquid handling system at the lead laboratory was considered during
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the initial phases of the validation study. However, because of difficulties experienced with the
system that was acquired at the outset of the study, a decision was made to focus on the
“benchtop” version of the assay and perhaps reconsider incorporating automated procedures into
the assay at a later time.

A second commenter also supported the validation of the BG1Luc ER TA test method and
recommended improvements. The commenter recommended a quantitative comparison of the
BG1Luc ER TA data to EPA OPPTS 890.1300/OECD TG 455 data and development of a relative
potency index for the reference substances.

ICCVAM Response

As stated above, ICCVAM concurred that additional review and ranking of the published reports
would strengthen the utility of literature citations for classifying the reference substances. A
comparison of median ECso and ICs, values from the BG1Luc ER TA test method and literature
references is provided in the BRD (Appendix C). A relative potency index for the reference
substances has not been calculated; however, data provided in the current review permit
calculation of such an index.

5.1.6 Public Comments in Response to 76 FR 28781 (May 18, 2011)

Independent Scientific Peer Review Panel Report: Evaluation of the Validation Status of an
In Vitro Estrogen Receptor Transcriptional Activation Test Method for Endocrine
Disruptor Chemical Screening: Notice of Availability and Request for Public Comments
NICEATM requested submission of written public comments on the Peer Review Panel Report:
Evaluation of the LUMI-CELL ER® (BG1Luc ER TA) Test Method (Appendix D2). No comments
were received in response to this request.
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January 2004

April 21, 2004

March 16, 2006

November 27, 2009

January 24, 2011

March 29-30, 2011

April 26, 2011

May 18, 2011

June 16-17, 2001

August 24, 2011

Fall 2011

Appendix A — Timeline

ICCVAM Evaluation Timeline

Xenobiotic Detection Systems, Inc. (XDS, Durham, NC) nominates
their LUMI-CELL® BG1Luc ER TA Test Method for an

interlaboratory validation study

Federal Register Notice (69 FR 21564) — In Vitro Endocrine Disruptor
Test Methods: Request for Comments and Nominations

Federal Register Notice (71 FR 13597) - Notice of Availability of a
Revised List of Recommended Reference Substances for Validation of
In Vitro Estrogen and Androgen Receptor Binding and Transcriptional
Activation Assays: Request for Comments and Submission of /n Vivo
and In Vitro Data

Federal Register Notice (74 FR 62317) — Evaluation of In Vitro
Estrogen Receptor Transcriptional Activation and In Vitro Cell
Proliferation Assays for Endocrine Disruptor Chemical Screening:
Request for Nominations for an Independent Expert Peer Review
Panel and Submission of Relevant /n Vitro and In Vivo Data

Federal Register Notice (76 FR 4113) — Announcement of an
Independent Scientific Peer Review Panel Meeting on an In Vitro
Estrogen Receptor Transcriptional Activation Test Method for
Endocrine Disruptor Chemical Screening; Availability of Draft
Background Review Document (BRD); Request for Comments

Independent Scientific Peer Review Panel holds a public meeting, with
opportunity for public comments, at Natcher Conference Center in
Bethesda, MD. The Panel was charged with reviewing the current
validation status of the BG1Luc ER TA test method and commenting
on the extent to which the information in the draft BRD supported the
draft ICCVAM test method recommendations.

Federal Register Notice (76 FR 23323) — Meeting of the Scientific
Advisory Committee on Alternative Toxicological Methods
(SACATM)

Federal Register Notice (76 FR 28781) — Independent Scientific Peer
Review Panel Report: Evaluation of the Validation Status of an /n
Vitro Estrogen Receptor Transcriptional Activation Test Method for
Endocrine Disruptor Chemical Screening: Notice of Availability and
Request for Public Comments

SACATM public meeting, SACATM and public comments on the
draft Panel conclusions and recommendations

ICCVAM approves forwarding the test method evaluation report to
Federal agencies for consideration.

Transmittal of ICCVAM recommendations to Federal agencies
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BG1Luc ER TA TEST METHOD
AGONIST PROTOCOL

National Toxicology Program (NTP) Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM)
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13 mm test tube
DMEM

DMSO

DMSO control

E2

E2 reference standard

ECs, value

ER
Estrogen-free DMEM

FBS

G418

Methoxychlor
Methoxychlor control

RPMI
TA
T25
T75
T150

B-6

List of Acronyms and Abbreviations

13 x 100 mm glass test tubes
Dulbecco’s Modification of Eagle’s Medium
Dimethyl Sulfoxide

1% v/v dilution of DMSO in tissue culture media used as a
vehicle control

17p-estradiol

11 Point Serial Dilution of 17p-estradiol reference standard for the BG1Luc ER
TA agonist assay

Concentration that produces a half-maximal response as calculated using the four
parameter Hill function.

Estrogen Receptor

DMEM (phenol red free) supplemented with 1% Penicillin/Streptomycin, 2% L-
Glutamine, and 5% Charcoal-dextran treated FBS

Fetal Bovine Serum
Gentamycin
p.p-Methoxychlor

3.13 ug/mL Methoxychlor Weak Positive Control for the BG1Luc ER TA
Agonist Assay

RPMI 1640 growth medium
Transcriptional Activation
25 cm” tissue culture flask
75 cm” tissue culture flask

150 ¢cm? tissue culture flask
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1.0 Purpose

This protocol is designed to evaluate coded test substances for potential estrogen receptor (ER) agonist
activity using the BG1Luc ER TA test method.

2.0  Sponsor

(As Appropriate)

3.0 Definitions

Dosing Solution: The test substance, control substance, or reference standard solution, which is to be
placed into the tissue culture wells for experimentation.

Raw Data: Raw data includes information that has been collected but not formatted or analyzed, and
consists of the following:

e Data recorded in the Study Notebook
*  Computer printout of initial luminometer data
e  Other data collected as part of GLP compliance, e.g.:

— Equipment logs and calibration records
— Test substance and tissue culture media preparation logs
— Cryogenic freezer inventory logs

Soluble: Test substance exists in a clear solution without visible cloudiness or precipitate.

Study Notebook: The study notebook contains recordings of all activities related to the conduct of the
BG1Luc ER TA agonist assay.

Test Substances: Substances supplied to the testing laboratories that are coded and distributed such that
only the Project Officer, Study Management Team (SMT), and the Substance Inventory and Distribution
Management have knowledge of their true identity. The test substances will be purchased, aliquoted,
coded, and distributed by the Supplier under the guidance of the Project Officer and the SMT.

4.0 Testing Facility and Key Personnel

4.1 Testing Facility
(As Appropriate)

4.2 Key Personnel
Study Director: (As Appropriate)
Quality Assurance Director: (As Appropriate)

5.0 Identification of Reference Standard and control substances

5.1 Controls
Controls for the ER agonist protocol are as follows:

Vehicle control (dimethyl sulfoxide [DMSO]): 1% (v/v) DMSO (CASRN 67-68-5) diluted in tissue
culture media
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Positive control (p,p'-Methoxychlor [methoxychlor]): Methoxychlor (CASRN 72-43-5), 3.13 ug/mL in
tissue culture media, used as a weak positive control

5.2 Reference Standard

Reference standard (173-estradiol [E2]): Three concentrations of E2 (CASRN 50-28-2) in duplicate for
range finder testing and a serial dilution consisting of 11 concentrations of E2 in duplicate for
comprehensive testing

6.0  Overview of General Procedures for Agonist Testing

All experimental procedures are to be carried out under aseptic conditions and all solutions, glassware,
plastic ware, pipettes, etc., shall be sterile. All methods and procedures shall be documented in the study
notebook.

Agonist range finder testing is conducted on 96-well plates using four concentrations of E2

(5.00x 10°,1.25x 10, 3.13 x 10°, and 7.83 x 107 ug/mL) in duplicate as the reference standard and
four replicate wells for the DMSO control. Range finder testing uses all wells of the 96-well plate to test
six substances as seven point 1:10 serial dilutions in duplicate.

Comprehensive testing is conducted on 96-well plates using 11 concentrations of E2 in duplicate as the
reference standard (Table 6-1). Four replicate wells for the DMSO control and four replicate wells for the
methoxychlor control are included on each plate. Comprehensive testing uses all wells of the 96-well
plate to test 2 substances as 11 point serial dilutions in triplicate.

Table 6-1 Concentrations of E2 Reference Standard Used in Comprehensive Testing
E2 Concentrations'
1.00x 10* 6.25x 10° 3.92x 107
5.00x 107 3.13x10° 1.95x 107
2.50x 10” 1.56 x 10° 9.78 x 10™®
1.25x10” 7.83x 107

' Concentrations are presented in pg/mL.
Visual observations for cell viability are conducted for all experimental plates just prior to luminescence
measurements, as outlined in Section 11.2.

Luminescence data, measured in relative light units (RLUs), is corrected for background luminescence by
subtracting the mean RLU value of the vehicle control (DMSO) wells from the RLU measurements for
each of the other wells of the 96-well plate. Data is then transferred into Excel® data management
spreadsheets and GraphPad Prism® statistical software, graphed, and evaluated as follows:

* A response is considered positive for agonist activity when the average adjusted RLU for a given
concentration is greater than the mean RLU value plus three times the standard deviation for the
vehicle control.

* Any response below this threshold is considered negative for agonist activity.

For substances that are positive at one or more concentrations, the concentration that causes a half-
maximal response (ECs) is calculated using a Hill function analysis. The Hill function is a four-
parameter logistic mathematical model relating the substance concentration to the response (typically
following a sigmoidal curve) using the equation below:

Top — Bottom

1 + 10(10gEC50—X)HillSlope

Y = Bottom +
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where Y = response (i.e., relative light units); X = the logarithm of concentration; Bottom = the minimum
response; Top = the maximum response; log ECsy = the logarithm of X as the response midway between
Top and Bottom; and HillSlope describes the steepness of the curve. The model calculates the best fit for
the Top, Bottom, HillSlope, and ECs, parameters. See Section 11.6.5 for more details.

Acceptance or rejection of a test is based on evaluation of reference standard and control results from
each experiment conducted on a 96-well plate. Results for these controls are compared to historical results
compiled in the historical database, as seen in Section 14.0.

6.1 Range Finder Testing

Agonist range finding for coded substances consists of a seven point, 1:10 serial dilution using duplicate
wells per concentration. Concentrations for comprehensive testing are selected based on the response
observed in range finder testing. If necessary, a second range finder test can be conducted to clarify the
optimal concentration range to test (see Section 12.0).

6.2 Comprehensive Testing

Comprehensive agonist testing for coded substances consists of 11 point, serial dilutions, with each
concentration tested in triplicate wells of the 96-well plate. Three separate experiments are conducted for
comprehensive testing on three separate days, except during Phases III and IV of the validation effort, in
which comprehensive testing experiments are conducted once (see Section 13.0).

7.0 Materials for BG1Luc ER TA Agonist Testing

This section provides the materials needed to conduct BG1Luc ER TA testing, with associated brand
names/vendors' in brackets.

7.1 BG1Luc4E2 Cells

Human ovarian cancer cell line stably transfected with a plasmid containing an estrogen response element
pGudLuc7.0 (Figure 7-1). The BG1Luc4E2 cell line is available upon request from the University of
California, Davis, California, USA, and is also available from Xenobiotic Detection Systems Inc.,
Durham, North Carolina, USA.

Figure 7-1 pGudLuc7.ERE Plasmid

Estrogen
Bglll Efsponsive
An An ements

pBR

pGudLuc?.ere

Luciferase

' Brand names and vendors should not be considered an endorsement by the U.S. Government or any member of
the U.S. Government; such information is provided as an example.
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7.2 Technical Equipment

All technical equipment may be obtained from Fisher Scientific International, Inc. (Liberty Lane
Hampton, NH, USA 03842). Equivalent technical equipment from another commercial source can be
used.

* Analytical balance (Cat. No. 01-910-320)

* Berthold Orion 1 Microplate Luminometer [Berthold CatNo.: Orion 1 MPL3] or equivalent and
dedicated computer

* Biological safety hood, class II, and stand (Cat. No. 16-108-99)

* Centrifuge (low speed, tabletop with swinging bucket rotor) (Cat. No. 04-978-50 centrifuge, and 05-
103B rotor)

¢ Combustion test kit (CO, monitoring) (Cat. No. 10-884-1)

*  Drummond diaphragm pipetter (Cat. No. 13-681-15)

* Freezers, —20°C (Cat. No. 13-986-150), and —70°C (Cat. No. 13-990-86)

* Hand tally counter (Cat. No. 07905-6)

* Hemocytometer, cell counter (Cat. No. 02-671-5)

* Light microscope, inverted (Cat. No. 12-561-INV)

* Light microscope, upright (Cat. No. 12-561-3M)

* Liquid nitrogen flask (Cat. No. 11-675-92)

*  Micropipetter, repeating (Cat. No. 21-380-9)

* Pipetters, air displacement, single channel (0.5 —10uL (Cat. No. 21-377-191), 2 —20 uL (Cat. No. 21-
377-287), 20 — 200 ul (Cat. No. 21-377-298), 200 - 1000 puL (Cat. No. 21-377-195))

* Refrigerator/freezer (Cat. No. 13-986-106A)

¢ Shaker for 96-well plates (Cat. No. 14-271-9)

*  Sodium hydroxide (Cat. No. 5318-500)

* Sonicating water bath (Cat. No. 15-335-30)

* Tissue culture incubator with CO, and temperature control (Cat. No. 11-689-4)

*  Vacuum pump with liquid trap (side arm Erlenmeyer) (Cat. No. 01-092-29)

*  Vortex mixer (Cat. No. 12-814)

Equipment should be maintained and calibrated as per GLP guidelines and individual laboratory SOPs.

7.3 Reference Standard, Controls, and Tissue Culture Supplies

All tissue culture reagents must be labeled to indicate source, identity, storage conditions and expiration
dates. Tissue culture solutions must be labeled to indicate concentration, stability (where known), and
preparation and expiration dates.

Equivalent tissue culture media and sera from another commercial source can be used, but must first be
tested as described in Section 15.0 to determine suitability for use in this test method.

The following are the necessary tissue culture reagents and possible commercial sources (in brackets)
based on their use in the pre-validation studies:

* BackSeal-96/384, white adhesive bottom seal for 96-well and 384-well microplate [Perkin-Elmer,
Cat. No. 6005199]

e 17 B-estradiol (CAS RN: 50-28-2) [Sigma-Aldrich, Cat. No. E8875]

* Cryovial, 2 mL (Corning Costar) [Fisher Scientific Cat. No. 03-374-21]

» Culture tube 13 x 100mm (case) [Thomas Scientific Cat. No.: 10009186R38]*

¢ Culture tube, 50 mL conical (Corning Costar) [Fisher Scientific Cat. No. 05-526C]

* If glass tubes cannot be obtained from Thomas Scientific, the preference is for flint glass, then lime glass, then
borosilicate glass.
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DMSO, U.S.P. analytical grade. [Sigma-Aldrich, Cat. No. 34869-100ML]

Dulbecco’s Modification of Eagle’s Medium (DMEM), containing 4.5 g/L glucose, with sodium
pyruvate, without phenol red or L-glutamine [Mediatech/Cellgro, Cat. No. 17-205-CV]

Fetal Bovine Serum [Mediatech/Cellgro Cat. No. MT 35-010-CV]

Fetal Bovine Serum, charcoal/dextran treated, triple 0.1 wm sterile filtered [Hyclone, Cat. No.
SH30068.03]

Gentamycin Sulfate (G418), 50 mg/mL [Mediatech/Cellgro Cat. No. 30-234-CR]

L-glutamine, 29.2 mg/mL [Cellgro, Cat. No. 25005-CI]

Luciferase Assay System (10-Pack) [Promega Cat. No. E1501]

Lysis Solution 5X [Promega, Cat. No. E1531]

Methoxychlor (CAS RN: 72-43-5) [Sigma-Aldrich, Cat. No. 49054]

Penicillin/streptomycin solution, 5000 I.U. penicillin, 5000 pg/mL streptomycin [Cellgro, Cat. No.
30-001-CT].

Phosphate buffered saline (PBS, 1X) without calcium and magnesium [Cellgro, Cat. No. 21-040-CV]
Pipettes, serological: 2.0 mL [Sigma-Aldrich, Cat. No. P1736], 5.0 mL [Sigma-Aldrich, Cat. No.
P1986], 25 mL [Sigma-Aldrich, Cat. No. P2486]

RPMI 1640 medium, containing L-glutamine [Mediatech, Cat. No. 10-040-CV]

Tissue culture flasks (Corning-Costar): 25 cm® (T25) [Fisher Cat. No. 10-126-28]; 75 cm” (T75)
[Fisher Cat. No. 10-126-37]; and 150 cm® (T150) [Fisher Cat. No. 10-126-34]

Tissue culture plates (Corning-Costar): 96-well [Thomas Scientific Cat. No. 6916A05]

Trypsin (10X), 2.5% in Hank’s balanced salt solution (HBSS), without calcium and magnesium,
without phenol red [Cellgro, Cat. No. 25-054-CI].

All reagent lot numbers and expiration dates must be recorded in the study notebook.

8.0

Preparation of Tissue Culture Media and Solutions

All tissue culture media and media supplements must be quality tested before use in experiment (see
Section 15.0).

8.1

RPMI 1640 Growth Medium (RPMI)

RPMI 1640 is supplemented with 0.9% Pen-Strep and 8.0% FBS to make RPMI growth medium (RPMI).
Procedure for one 549 mL bottle:

1.

2.
3.

Remove FBS from -70°C freezer, and Pen-Strep from -20°C freezer and allow to equilibrate to room
temperature.

Add 44 mL of FBS and 5 mL Pen-Strep to the bottle of RPMI 1640.

Label RPMI bottle as indicated in Section 7.3

Store at 2-8 °C for no longer than six months or until the shortest expiration date of any media
component.

8.2

Estrogen-Free DMEM Medium

DMEM is supplemented to contain 4.5% charcoal/dextran treated FBS, 1.9% L-glutamine, 0.9% Pen-
Strep.

Procedure for one 539 mL bottle:

L.

Remove charcoal/dextran treated FBS from -70°C freezer, and L-glutamine and Pen-Strep from -
20°C freezer and allow to equilibrate to room temperature.

Add 24 mL of charcoal/dextran treated FBS, 10 mL L-glutamine, and 5 mL Pen-Strep to one 500 mL
bottle of DMEM.
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3. Label estrogen-free DMEM bottle as indicated in Section 7.3

Store at 2-8 °C for no longer than six months or until the shortest expiration date of any media
component..

8.3 1X Trypsin Solution

1X Trypsin solution is prepared by dilution from a 10X premixed stock solution. The 10X stock solution
should be stored in 10 mL aliquots in a -20°C freezer.

Procedure for making 100 mL of 1X trypsin:

1. Remove a 10 mL aliquot of 10X trypsin from -20°C freezer and allow to equilibrate to room

temperature.
2. Aliquot 1 mL Trypsin (10X) along with 9 mL of 1X PBS into ten 15 mL sterile centrifuge tubes.
3. Label 1X trypsin aliquots as indicated in Section 7.3

1X Trypsin should be stored at -20°C.

8.4 1X Lysis Solution

Lysis solution is prepared by dilution from a 5X premixed stock solution. Both the 5X and 1X solutions
can be repeatedly freeze-thawed.

The procedure for making 10 mL of 1X lysis solution:

Thaw the 5X Promega Lysis solution and allow it to reach room temperature.
Remove 2 mL of 5X solution and place it in a 15 mL conical centrifuge tube.
Add 8 mL of distilled, de-ionized water to the conical tube.

Cap and shake gently until solutions are mixed.

el

Store at -20°C for no longer than 1 year from receipt.

8.5 Reconstituted Luciferase Reagent
Luciferase reagent consists of two components, luciferase buffer and lyophilized luciferase substrate.

For long term storage, unopened containers of the luciferase buffer and lyophilized luciferase substrate
can be stored at -70°C for up to one year.

To reconstitute luciferase reagent:

1. Remove luciferase buffer and luciferase substrate from -70°C freezer, and allow them to equilibrate
to room temperature.

2. Add 10 mL of luciferase buffer solution to luciferase substrate container and swirl or vortex gently to
mix; the  Luciferase substrate should readily go into solution.

3. After solutions are mixed, aliquot to a 15mL centrifuge tube.

4. Store complete solution at —20°C.

Reconstituted luciferase reagent is stable for up to 1 month at — 20°C.

9.0 Overview of Propagation and Experimental Plating of BG1Luc4E2 cells

BG1Luc4E2 cells are based on a continuous ovarian carcinoma cell line (BG-1 cells) that endogenously
express ERa and ERf and have been stably transfected with an ER responsive reporter gene (/uc).
Although the cell line has proved to be stable over long—term passage in vitro, careful handling and the
use of quality cell culture materials is required to maintain the stability and integrity of the cell line.
Procedures specified in the Guidance on Good Cell Culture Practice (Coecke 2005) should be followed to
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assure the quality of all materials and methods in order to maintain the integrity, validity, and
reproducibility of any work conducted.

The BG1Luc4E2 cells are stored in liquid nitrogen in 2 mL cryovials. BG-1 cells are grown as a
monolayer in tissue culture flasks in a dedicated tissue culture incubator at 37°C + 1°C, 90% + 5%
humidity, and 5.0% £ 1% COy/air. The cells should be examined, on a daily basis during working days,
under an inverted phase contrast microscope and any changes in morphology and/or adhesive properties
must be noted in the study notebook.

Two T150 flasks containing cells at 80 to 90% confluence will usually yield a sufficient number of cells
to fill three 96-well plates for use in experiments.

9.1 Procedures for Thawing Cells and Establishing Tissue Cultures

Warm all of the tissue culture media and solutions to room temperature by placing them under the tissue
culture hood several hours before use.

All tissue culture media, media supplements, and tissue culture plasticware must be quality tested before
use in experiments (Section 15.0).

9.1.1 Thawing Cells

1. Remove a cryovial of frozen BG-1 cells from the liquid nitrogen flask.

2. Facilitate rapid thawing by loosening the top slightly (do not remove top) to release trapped gasses
and retightening it. Roll vial between palms.

3. Use a micropipette to transfer cells to a 50 mL conical centrifuge tube.

4. Rinse cryovial twice with 1X PBS and add PBS rinse material to the conical tube.

5. Add 20 mL of RPMI to the conical tube.

6. Centrifuge at 1000 x g for eight min. If a pellet of cells has not formed, centrifuge for an additional 5
minutes.

7. Aspirate media from pellet and re-suspend it in 5 mL RPMI, drawing the pellet repeatedly through a
1.0 mL serological pipette to break up any clumps of cells.

8. Transfer cells to a T25 flask, place them in an incubator (see conditions in Section 9.0) and grow to
80% to 90% confluence (approximately 48 to 72 hrs).

9.1.2 Establishing Tissue Cultures

Once cells have reached 80% to 90% confluence, transfer the cells to a T75 flask by performing, for
example, the following steps:

1. Remove the T25 flask from the incubator.

2. Aspirate the RPMI, then add 5 mL 1X PBS, making sure that the cells are coated with PBS.

3. Aspirate 1X PBS, then add 1 to 2 mL 1X trypsin to the T25 flask, gently swirling the flask to coat all
cells with the trypsin.

4. Place the flask in an incubator (see conditions in Section 9.0) for 5 to 10 min.

Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

6. Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

7. After cells have detached, add 5 mL PBS, and transfer the suspended cells to a 50 mL centrifuge tube.
Wash the flask one additional time with 5 mL PBS.

8. Immediately add 20 mL RPMI to the conical tube to inhibit further cellular digestion by residual
trypsin.

9. Pellet the cells by centrifugation, as described in Section 9.1.1, and re-suspend the cells in 10 mL
RPMI medium.

10. Draw the pellet repeatedly through a 25 mL serological pipette to break up clumps of cells.

W
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11. Transfer cells to a T75 flask, then place the flask in an incubator (see conditions in Section 9.0) and
grow to 80% to 90% confluence (approximately 48 to 72 hrs).

When cells have reached 80% to 90% confluency, transfer them into a T150 flask by performing, for
example, the following steps:

12. Remove the T75 flask from the incubator, aspirate the old media and add 5 mL 1X PBS.

13. Aspirate 1X PBS, add 2 mL of 1X trypsin to the flask, and place it in an incubator (see conditions in
Section 9.0) for 5 to 10 min.

14. Repeat steps 5 through 11 in Section 9.1.2, re-suspending the pellet in 20 mL of RPMI.

15. Transfer cells to a T150 flask and place it in the incubator (see conditions in Section 9.0) and grow to
80% to 90% confluence (approximately 48 to 72 hrs).

16. Remove the T150 flask from the incubator.

17. Aspirate the RPMI and add 5 mL 1X PBS.

18. Aspirate 1X PBS and add 3 mL 1X trypsin to the T150 flask, making sure that the cells are coated
with the trypsin.

19. Incubate cells in an incubator (see conditions in Section 9.0) for 5 to 10 min.

20. Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

21. Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

22. After cells have detached, add 5 mL 1X PBS and transfer the suspended cells from the T150 flask to a
50 mL conical tube. Add an additional 5 mL PBS to the flask, swirl around the flask, and then
transfer the PBS to the 50 mL conical tube.

23. Immediately add 20 mL RPMI to the conical tube to inhibit further cellular digestion by residual
trypsin.

24. Centrifuge at 1000 x g for eight min. If a pellet of cells has not formed, centrifuge for an additional 5
minutes.

25. Aspirate the media from the pellet and re-suspend it in 40 mL. RPMI, drawing the pellet repeatedly
through a 25 mL serological pipette to break up any clumps of cells.

26. Transfer 20 mL of cell suspension to each of two T150 flasks, place them in an incubator (see
conditions in Section 9.0) and grow to 80% to 90% confluence (approximately 48 to 72 hrs).

9.2 Ongoing Tissue Culture Maintenance, Conditioning in Estrogen-free Medium, and Plating
Cells for Experimentation

The following procedure is used to condition the BG1Luc4E2 cells to an estrogen-free environment prior
to plating the cells in 96-well plates for analysis of estrogen dependent induction of luciferase activity.

To start the tissue culture maintenance and estrogen-free conditioning, split the two T150 culture flasks
into four T150 flasks. Two of these flasks will be used for continuing tissue culture and will use the
RPMI media mentioned above. The other two flasks will be cultured in estrogen-free DMEM for
experimental use. Extra care must be taken to avoid contaminating the estrogen-free cells with RPMI.

1. Remove both T150 flasks from the incubator.

2. Aspirate the medium and rinse the cells with 5 mL 1X PBS.

3. Aspirate 1X PBS, then add 3 mL 1X trypsin to the flasks, gently swirling the flask to coat all cells
with the trypsin.

4. Incubate cells in the incubator (see conditions in Section 9.0) for 5 to 10 min.

Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

6. Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

7. After cells have detached, add 5 mL 1X PBS to the first T150 flask and transfer the suspended cells to
the second T150 flask.

9,
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Transfer the contents of both flasks to a 50 mL conical tube. Repeat step 7 with an additional 5 mL
1X PBS and transfer to the 50 mL conical tube.

Immediately add 20 mL estrogen-free DMEM to the 50 mL conical tube to inhibit further cellular
digestion by residual trypsin.

Centrifuge at 1000 x g for eight min. If a pellet of cells has not formed, centrifuge for an additional 5
minutes.

Aspirate media from pellet and re-suspend it in 4 mL estrogen-free DMEM, drawing the pellet
repeatedly through a 1 mL serological pipette to break up clumps of cells.

At this point, cells are ready to be divided into the ongoing tissue culture and estrogen-free conditioning
groups.

9.2.1 Ongoing Tissue Culture Maintenance

1.
2.
3.
4
5.

6.
7.

Add 20 mL RPMI to two T150 flasks.

Add 220 pLL G418 to the RPMI in the T150 flasks

Add 1 mL of cell suspension from 9.2 step 11 to each flask.

Place T150 flasks in tissue culture incubator (see conditions in Section 9.0) and grow to 80% to 90%
confluence (approximately 48 to 72 hrs).

Tissue culture medium may need to be changed 24 hours after addition of G418 to remove cells that
have died because they do not express reporter plasmid.

G418 does not need to be added to the flasks a second time.

Repeat Section 9.2 steps 1-11 for ongoing tissue culture maintenance.

9.2.2 Conditioning in Estrogen-free Medium

Rl el
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Add 20 mL estrogen-free DMEM to two T150 flasks.

Add 150 puL G418 to the estrogen-free DMEM in the T150 flasks.

Add 1 mL of cell suspension from Section 9.2 step 11 to each flask.

Tissue culture medium may need to be changed 24 hours after addition of G418 to remove cells that
have died because they do not express reporter plasmid.

G418 does not need to be added to the flasks a second time.

Place the T150 flasks in the incubator (see conditions in Section 9.0) and grow to 80% to 90%
confluence (approximately 48 to 72 hrs).

9.2.3 Plating Cells Grown in Estrogen-free DMEM for Experimentation

1.

Remove the T150 flasks that have been conditioned in estrogen-free DMEM for 48 to 72 hours from
the incubator.

Aspirate the medium, then rinse the cells with 5 mL 1X PBS.

Aspirate 1X PBS, then add 3 mL 1X trypsin to the flasks, gently swirling the flask to coat all cells
with the trypsin.

Place the flasks in an incubator (see conditions in Section 9.0) for 5 to 10 min.

Detach cells by hitting the side of the flask sharply against the palm or the heel of the hand.

Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for 2 additional minutes, then hit the flask again.

After cells have detached, add 5 mL 1X PBS and transfer the suspended cells from the T150 flask to a
50 mL conical tube. Add an additional 5 mL PBS to the flask, gently swirl around the flask, and then
transfer to the 50 mL conical tube.

Immediately add 20 mL estrogen-free DMEM to each conical tube to inhibit further cellular digestion
by residual trypsin.

Centrifuge at 1000 x g for eight min. If a pellet of cells has not formed, centrifuge for an additional 5
minutes.
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10. Aspirate the media from the pellet and re-suspend it in 20 mL DMEM, drawing the pellet repeatedly
through a 25 mL serological pipette to break up any clumps of cells.

11. Pipette 15 pL of the cell suspension into the “v” shaped slot on the hemocytometer. Ensure that the
solution covers the entire surface area of the hemocytometer grid, and allow cells to settle before
counting.

12. Using 100x magnification, view the counting grid.

13. The counting grid on the hemocytometer consists of nine sections, four of which are counted (upper
left, upper right, lower left, and lower right, see Figure 9-1). Each section counted consists of four by
four grids. Starting at the top left and moving clockwise, count all cells in each of the four by four
grids. Some cells will be touching the outside borders of the square, but only count those that touch
the top and right borders of the square. This value is then used in the calculation below to get to the
desired concentration of 200,000 cells/mL.

Figure 9-1 Hemocytometer Counting Grid

1] |2

The volume of each square is 10 mL, therefore:
Cells/mL=(average number per grid) x 10* mL x 1/(starting dilution).
Starting dilution: 20 mL (for T150 flasks)

Harvested cells for a T150 flask are suspended in 20 mL of estrogen-free DMEM and sampled for
determination of concentration of cells/mL.

Example Calculation:
* QGrids 1, 2, 3, and 4 are counted and provide the following data:
— 50, 51, 49, and 50: average number of cells per grid is equal to 50.
Cells/mL = 50 cells per grid + 10 mL volume of grid = 50 X 10* cells/mL (or 500,000 cells/mL)
Total # of Cells Harvested = 500,000 cells/mL x 20 mL
Desired Concentration (or Concentration g, )= 200,000 cells/mL
Formula: (Concentration i, X Volume gy, = Concentration pi, X Volume pia)
Concentration gina = 200,000 cells/mL
Concentration g, = 500,000 cells/mL
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Volume pii= 20 mL

Volume gina — to be solved for.

Therefore: 200,000 cells/mL x Volume ging = 500,000 cells/mL x 20 mL
Solving for Volume iy, we find = 50 mL

Therefore, add 30 mL of estrogen-free DMEM to the cell suspension for a total volume of 50 mL, which
will yield the desired concentration of 200,000 cells/mL for plating.

14. This dilution scheme will give a concentration of 200,000 cells/mL. 200 uL of this cell suspension is
used for each well of a 96-well plate (i.e., 40,000 cells per well).

15. Remove a 96-well plate from its sterile packaging. Use a repeater pipetter to pipette 200 pL of cell
suspension into each well for to be used for the testing of coded substances, reference standard and
controls (note: add 200 pL of estrogen-free DMEM only to any wells not being used for testing).

16. Incubate plate(s) in an incubator (see conditions in Section 9.0) for a minimum of 24 hours, but no
longer than 48 hours before dosing.

Two T150 flasks containing cells at 80% to 90% confluence will typically yield sufficient cells to fill four
96-well plates.

10.0 Preparation of Test Substances

The solvent used for dissolution of test substances is 100% DMSO. All test substances should be allowed
to equilibrate to room temperature before being dissolved and diluted. Test substance solutions (except
for reference standards and controls) should not be prepared in bulk for use in subsequent tests. Test
substances are to be used within 24 hours of preparation. Solutions should not have noticeable precipitate
or cloudiness.

All information on weighing, solubility testing, and calculation of final concentrations for test substances,
reference standards and controls is to be recorded in the study notebook.

10.1  Determination of Test Substance Solubility

1. Prepare a 100 mg/mL solution of the test substance in 100% DMSO in a 4 mL conical tube.

2. Vortex to mix.

3. If'the test substance does not dissolve at 100 mg/mL, prepare a 10 mg/mL solution and vortex as
above.

4. If the test substance does not dissolve at 10 mg/mL solution, prepare a 1 mg/mL solution in a 4 mL
conical tube and vortex as above.

5. If'the test substance does not dissolve at 1 mg/mL, prepare a 0.1 mg/mL solution in a 4 mL conical
tube and vortex as above.

6. Continue testing, using 1/10 less substance in each subsequent attempt until test substance is
solubilized in DMSO.

Once the test substance has fully dissolved in 100% DMSO, the test substance is ready to be used for
BG1Luc ER TA testing.
10.2  Preparation of Reference Standards, Control and Test Substances

All “dosing solutions” of test substance concentrations are to be expressed as ug/mL in the study
notebook and in all laboratory reports.

All information on preparation of test substances, reference standards and controls is to be recorded in the
study notebook.
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10.2.1 Preparation of Reference Standard and Positive Control Stock Solutions
Stock solutions of E2 and methoxychlor are prepared in 100% DMSO and stored at room temperature for
up to three years or until the expiration date listed in the certificate of analysis for that substance.

10.2.1.1 E2 Stock Solution

The final concentration of the E2 stock solution is 1.0 x 10 ug/mL. Prepare the E2 stock as shown in
Table 10-1.

Table 10-1 Preparation of E2 Stock Solution

Step # Action DMSO E2 Concentration
Make a 10 mg/mL stock solution in 100%
! DMSO in a 4mL vial. - 10 mg/mL
1 0,
) Transfer 10 pL E2 solutlon.from Step #1 to | Add 990 uL of 100 A) DMSO. 100 ug/mL
anew 4 mL vial. Vortex to mix.
Transfer 10 pL E2 solution from Step #2 to | Add 990 pL of 100% DMSO.
3 . . 1 ug/mL
a new 4mL vial. Vortex to mix.
Transfer 10 uL E2 solution from Step #3 to o
4 a 13 mm test tube to create the working Add 990 pL of 100% DMSO. 1.0 x 10% ug/mL

Vortex to mix.

solution.

10.2.1.2  Methoxychlor Stock Solution
The final concentration of the methoxychlor stock solution is 313 ug/mL.
To prepare the methoxychlor stock solution, proceed as follows:

1. Make a 10 mg/mL stock solution of methoxychlor in 100% DMSO in a 4 mL vial.
2. Remove 94 puL of the methoxychlor solution and place it in a new 4 mL vial.
3. Add 2.906 mL of 100% DMSO to the 4mL vial and gently vortex to mix.

10.2.2 Preparation of Reference Standard and DMSO Control for Range Finder Testing

Range finder testing is conducted on 96-well plates using four concentrations of E2 in duplicate as the
reference standard. Four replicate wells are used for the DMSO control. All wells on the 96 well plate are
used during range finder testing.

Store dosing solutions at room temperature. Use within 24 hours of preparation.

10.2.2.1  Preparation of E2 Reference Standard for Range Finder Testing
To make E2 dosing solutions:

1. Label four 4 mL conical tubes with numbers 1 through 4 and place them in a tube rack.
2. Label four 13 mm glass test tubes with numbers 1 through 4, place them in a tube rack, and add
600 puL of estrogen-free DMEM to each tube.

Prepare dilutions to give final concentrations of the E2 as shown in Table 10-2.
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Table 10-2 Preparation of E2 Reference Standard Dosing Solution for Range Finder Testing

Tube 100% 1 Estrogen-free Final .
Number | DMSO E2 DMEM? Volume | F?Concentration

6 uL of 1.0 x 10 ug/mL s

1 6 uL working solution 600 pL 606 pulL 5.00 x 10 pL
6 uL of 1.0 x 10 ug/mL s

2 18 uL working solution 600 puL 606 puL 1.25x 10”7 uL

3 18 uL 6 pL from conical tube #2 600 pL 606 uL 3.13x 10° uL

4 18 uL 6 pL from conical tube #3 600 pL 606 uL 7.83 x 107 uL

' Add specified volume of 100% DMSO and 6 pL of the specified E2 solution to labeled 4 mL conical tubes, and
vortex.

2 Transfer 6 pL of DMSO/E2 solution from 4 mL conical tube to labeled 13 mL glass tubes containing DMEM and
vortex.

10.2.2.2  Preparation of DMSO Control for Range Finder Testing
1. Add 10 pL of 100% DMSO to a 13 mm glass tube.

2. Add 1000 pL of estrogen-free DMEM to tube and vortex.
10.2.3 Preparation of Test Substance Dosing Solutions for Range Finder Testing

Range finder experiments are used to determine the concentrations of test substance to be used during
comprehensive testing. Agonist range finding for coded substances consists of seven point, 1:10 serial
dilutions run in duplicate.

To make dosing solutions for coded substances:

1. Label seven 4 mL conical tubes with numbers 1 through 7 and place them in a tube rack
2. Label seven 13 mm glass test tubes with numbers 1 through 7, place them in a tube rack and add
600 puL of estrogen-free DMEM to each tube

Prepare dilutions as shown in Table 10-3.

Table 10-3 Preparation of Test Substance Dosing Solutions for Range Finder Testing

Tube 100% 1 Estrogen- Final

Number DMSO Test Substance Transfer free DMEM Volume
6 uL of test substance solution from

! i Section 10.1 step 10 6 L 600 pL 606 pL
10 pL of test substance solution from

2 90 ul. Section 10.1 step 10 6 L 600 pL 606 pL.

3 90 ulL 10 pL from conical tube #2 6 uL 600 pL 606 uL

4 90 ulL 10 pL from conical tube #3 6 uL 600 pL 606 uL

5 90 ulL 10 pL from conical tube #4 6 uL 600 pL 606 uL

6 90 ulL 10 pL from conical tube #5 6 uL 600 pL 606 uL

7 90 ulL 10 pL from conical tube #6 6 uL 600 pL 606 pL

' Add specified volume of 100% DMSO and test substance solution to labeled 4 mL conical tubes, and vortex.

? Transfer 6 uL of DMSO/E2 solution from 4 mL conical tube to labeled 13 mL glass tubes containing DMEM and
vortex.

Determination of whether a substance is positive in range finder testing and selection of starting
concentrations for comprehensive testing will be discussed in Section 12.0.
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10.2.4 Preparation of Reference Standard and Positive Control Dosing Solutions for
Comprehensive Testing

Comprehensive testing is conducted on 96-well plates using 11 concentrations of E2 in duplicate as the
reference standard. Four replicate wells for the DMSO control and three replicate wells for the
methoxychlor control are included on each plate.

Store dosing solutions at room temperature. Use within 24 hours of preparation.

10.2.4.1  Preparation of E2 Reference Standard for Comprehensive Testing
To make E2 dosing solutions:

1. Label 11 4 mL conical tubes with numbers 1 through 11 and place them in a tube rack
2. Label 11 13 mm glass test tubes with numbers 1 through 11, place them in a tube rack and add
600 puL. of DMEM to each tube

Prepare dilutions to give final concentrations of E2 as shown in Table 10-4.

Table 10-4 Preparation of E2 Reference Standard Dosing Solution for Comprehensive Testing

Tube 100% 1 Estrogen-free Final .
Number | DMSO £2 DMEM Volume | F2 Concentration

2

1 - 6 uL. of 1.0 x 107 pg/mL 600 uL 606 uL 1.00 x 10* uL

working solution

-2

2 6 uL 6 ”Lw‘z)fﬂ;'ggxsi (l)uﬁ*;i/ mL 600 L 606 L 5.00x 107 uL

3 6 uL 6 pL from conical tube #2 600 pL 606 uL 2.50x 10” uL

4 6 uL 6 pL from conical tube #3 600 pL 606 uL 1.25x 10 uL

5 6 uL 6 pL from conical tube #4 600 pL 606 uL 6.25 x 10° uL

6 6 uL 6 pL from conical tube #5 600 pL 606 uL 3.13x 10° uL

7 6 uL 6 pL from conical tube #6 600 pL 606 uL 1.56 x 10° uL

8 6 uL 6 pL from conical tube #7 600 pL 606 uL 7.83 x 107 uL

9 6 uL 6 pL from conical tube #8 600 pL 606 uL 3.92x 107 uL

10 6 uL 6 pL from conical tube #9 600 pL 606 uL 1.95x 107 uL

11 6 uL 6 pL from conical tube #10 600 pL 606 uL 9.78 x 10™ uL

' Add specified volume of 100% DMSO and 6 pL of the specified E2 solution to labeled 4 mL conical tubes, and
vortex.

2 Transfer 6 pL of DMSO/E2 solution from 4 mL conical tube to labeled 13 mL glass tubes containing DMEM and
vortex.

10.2.4.2  Preparation of Methoxychlor Control Dosing Solution for Comprehensive Testing

1. Add 10 pL of the 313 pg/mL methoxychlor to a 13 mm glass tube.
2. Add 1000 pL of estrogen-free DMEM to the tube and vortex.

10.2.4.3  Preparation of DMSO Control Dosing Solution for Comprehensive Testing
1. Add 10 uL of 100% DMSO to four 13 mm tubes (solvent/negative controls).

2. Add 1000 pL of estrogen-free DMEM to the tube and vortex.
10.2.5 Preparation of Test Substance Dosing Solutions for Comprehensive Testing

Comprehensive testing experiments are used to determine whether a substance possesses ER agonist
activity in the BG1Luc ER TA test method. Agonist comprehensive testing for coded substances consists
of either an 11 point 1:2 serial dilution or an 11 point 1:5 serial dilution, depending on the results from
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range finder testing (see Section 12.0) with each concentration tested in triplicate wells of the 96-well

plate.

10.2.5.1

Start the 11-point serial dilution according to criteria in Section 12.0.

To make test substance 1:2 serial dilutions for comprehensive testing:

1. Label eleven 4 mL conical tubes with numbers 1 through 11 and place them in a tube rack.

Preparation of Test Substance 1:2 Serial Dilutions for Comprehensive Testing

2. Label eleven 13 mm glass test tubes with numbers 1 through 11, place them in a tube rack and add
800 pL of estrogen-free DMEM to each tube.

Prepare dilution of test substance as shown in Table 10-6.

Table 10-5 Preparation of Test Substance 1:2 Serial Dilutions for Comprehensive Testing
Tube 100% 1 Estrogen- Final
Number DMSO LGSR LS e free DMEM Volume

8 uL of highest concentration of test
! i substance solution 8wl 800 uL 808 L

8 uL of highest concentration of test
2 8 L substance solution 8 L 800 uL 808 uL
3 8 uL 8 uL from conical tube #2 8 uL 800 uL 808 uL
4 8 uL 8 uL from conical tube #3 8 uL 800 uL 808 uL
5 8 uL 8 uL from conical tube #4 8 uL 800 uL 808 uL
6 8 uL 8 uL from conical tube #5 8 uL 800 uL 808 uL
7 8 uL 8 uL from conical tube #6 8 uL 800 uL 808 uL
8 8 uL 8 uL from conical tube #7 8 uL 800 uL 808 uL
9 8 uL 8 uL from conical tube #8 8 uL 800 uL 808 uL
10 8 uL 8 uL from conical tube #9 8 uL 800 uL 808 uL
11 8 uL 8 pL from conical tube #10 8 uL 800 puL 808 uL

'Add specified volume of 100% DMSO and test substance solution to labeled 4 mL conical tubes, and vortex.

10.2.5.2  Preparation of Test Substance 1:5 Serial Dilutions for Comprehensive Testing

Start the 11-point serial dilution according to criteria in Section 12.0.

To make test substance 1:5 serial dilutions for comprehensive testing:

1. Label eleven 4 mL conical tubes with numbers 1 through 11 and place them in a tube rack.

2. Label eleven 13 mm glass test tubes with numbers 1 through 11, place them in a tube rack and add
800 uL of estrogen-free DMEM to each tube.

Prepare dilution of test substance as shown in Table 10-6.

Table 10-6 Preparation of Test Substance 1:5 Serial Dilutions for Comprehensive Testing
Tube 100% 1 Estrogen- Final

Number DMSO et el Dsimie L 57 free DMEM Volume
8 uL of highest concentration of test

! ) substance solution 8 uL 800 pL 808 uL
4 uL of highest concentration of test

2 16 uL substance solution 8 uL 800 pL 808 uL

3 16 uL 4 pL from conical tube #2 8 uL 800 puL 808 uL

4 16 uL 4 pL from conical tube #3 8 uL 800 puL 808 uL

5 16 uL 4 pL from conical tube #4 8 uL 800 puL 808 uL
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Tube 100% 1 Estrogen- Final
Number | DMSO Test Substance Transfer | ¢ CDMEM | Volume
6 16 uL 4 uL from conical tube #5 8 uL 800 pL 808 uL
7 16 uL 4 uL from conical tube #6 8 uL 800 pL 808 uL
8 16 uL 4 uL from conical tube #7 8 uL 800 pL 808 uL
9 16 uL 4 uL from conical tube #8 8 uL 800 pL 808 uL
10 16 uL 4 uL from conical tube #9 8 uL 800 pL 808 uL
11 16 uL 4 uL from conical tube #10 8 uL 800 pL 808 uL

' Add specified volume of 100% DMSO and test substance solution to labeled 4 mL conical tubes, and vortex.

11.0  General Procedures for the Testing of Coded Substances

Range finder experiments are used to determine the concentrations of test substance to be used during
comprehensive testing. Comprehensive testing experiments are used to determine whether a substance
possesses ER agonist activity in the BG1Luc ER TA assay.

General procedures for range finder and comprehensive are similar. For specific details (such as plate
layout) of range finder testing see Section 12.0. For specific details of comprehensive testing, see
Section 13.0.

11.1  Application of Reference Standard, Controls, and Test Substances

1. Remove seeded 96-well plates from the incubator, inspect them using an inverted microscope. Only
use plates in which the cells in all wells giving a score of 1 according to Table 11-1.

2. Remove medium by inverting the plate onto blotter paper. Gently tap plate against the bench surface
to remove residual liquid trapped in the wells.

3. Add 200 uL of reference standard, control, or test substance to each well (see Sections 12.0 and 13.0
for specific plate layouts).

4. Return plates to incubator and incubate (see Section 9.0 for details) for 19 to 24 hours to allow
maximal induction of luciferase activity in the cells.

11.1.1 Preparation of Microsoft Excel® Data Analysis Template For Range Finder Testing

1. In Excel, open a new “AgRFTemplate” and save it with the appropriate project name as indicated in
the NICEATM Style Guide.

2. Fill out the table at the top of the “Raw Data” worksheet with information regarding the Microplate
reader used, Reading Direction, No. of Intervals, Tot. Meas. Time/Well (s), etc. (note: this
information can be permanently added to the default template “AgRFTemplate” on a laboratory
specific basis).

3. Add the following information regarding the assay to the “Compound Tracking” worksheet.
= Plate # - Enter the experiment ID or plate number into cell E1
= Cell Lot # - Enter the passage or lot number of the cells used for this experiment into cell B5
=  DMSO and Media Lot #’s — Enter the lot numbers for the DMSO and Media in cells B6 and B7
= Test Substance Code — Enter the test substance codes into cells C13 to C18
= Name: Enter the experimenter name into cell G6
» Date: Enter the experiment date in the format day\month\year into cell G10
* Comments: - Enter any comments about the experiment in this box (e.g., plate contaminated)

4. Enter the following substance testing information to the “List” page:
* Concentration — Type in the test substance concentration in pg/mL in descending order.
= Also add any replicate-specific comments on this page (e.g, spilled tube, etc.), in the comments
section
= All of the remaining cells on the List tab should populate automatically.
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= The “Template”, “Compound Mixing” and “Visual Inspection” tabs should automatically
populate with the information entered into the Compound Tracking and List tabs.
5. Save the newly named project file.
6. Print out either the “List” or “Template” page for help with dosing the 96-well plate. Sign and date
the print out and store in study notebook.

11.1.2 Preparation of Microsoft Excel Data Analysis Template for Comprehensive Testing

1. In Excel, open a new “AgCTTemplate” and save it with the appropriate project name as indicated in
the NICEATM Style Guide.

2. Fill out the table at the top of the “Raw Data” worksheet with information regarding the Microplate
reader used, Reading Direction, No. of Intervals, Tot. Meas. Time/Well (s), etc. (note: this
information can be permanently added to the default template “AgCTTemplate” on a laboratory
specific basis).

3. On the “Compound Tracking” tab, enter the following information:
= Plate # - Enter the experiment ID or plate number into cell E1
= Cell Lot # - Enter the passage or lot number of the cells used for this experiment into cell C5
* DMSO and Media Lot #’s — Enter the lot numbers for the DMSO and Media in cells C6 and C7
= Test Substance Code — Enter the test substance codes into cells C15 and C16. Enter the test

substance dilution into cells E25 and E26.
= Name: Enter the experimenter name into cell G6
» Date: Enter the experiment date in the format day\month\year into cell G10
=  Comments: - Enter any comments about the experiment in this box (e.g., plate contaminated)

4. Enter substance testing concentrations to the “List” page. Also add any replicate-specific comments
on this page (e.g, spilled tube, etc.).

5. Save the newly named project file.

6. Print out either the “List” or “Template” page for help with dosing the 96-well plate. Sign and date
the print out and store in study notebook.

11.2  Visual Evaluation of Cell Viability

1. Nineteen to 24 hours after dosing the plate, remove the plate from the incubator and remove the
media from the wells by inverting the plate onto blotter paper. Gently tap plate against the bench
surface to remove residual liquid trapped in the wells.

2. Use a repeat pipetter to add 50 uL 1X PBS to all wells. Immediately remove PBS by inversion.

3. Using an inverted microscope, inspect all of the wells used in the 96-well plate and record the visual
observations using the scores in Table 11-1.

Table 11-1 Visual Observation Scoring

Viability Score Brief Description'

1 Normal Cell Morphology and Cell Density

Altered Cell Morphology and/or Small Gaps between Cells

2

3 Altered Cell Morphology and/or Large Gaps between Cells
4 Few (or no) Visible Cells

P Wells containing precipitation are to be noted with “P”

! Reference photomicrographs are provided in the BG1Luc ER TA Validation Study “Visual Observation Cell
Viability Manual.”
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11.3  Lysis of Cells for BG1Luc ER TA

1. Apply the reflective white backing tape to the bottom of the 96-well plate (this will increase the
effectiveness of the luminometer).

2. Add 30 uL 1X lysis reagent to the assay wells and place the 96-well plate on an orbital shaker for one
minute.

3. Remove plate from shaker and measure luminescence (as described in Section 11.4).

11.4 Measurement of Luminescence

Luminescence is measured in the range of 300 to 650 nm, using an injecting luminometer and with
software that controls the injection volume and measurement interval. Light emission from each well is
expressed as RLU per well. The luminometer output is saved as raw data in an Excel® spread sheet. A
hard copy of the luminometer raw data should be signed, dated and stored in the study notebook.

11.5  Data Analysis

BG1Luc ER TA uses a Microsoft Excel spreadsheet to collect and adjust the RLU values obtained from
the luminometer and a GraphPad Prism® template to analyze and graph data. The Excel spreadsheet
subtracts background luminescence (average DMSO solvent control RLU value) from test substance,
reference standard and control RLU values. Plate induction is calculated using these corrected RLU
values. Test substance, reference standard, and control RLU values are then adjusted relative to the
highest E2 reference standard RLU value, which is set to 10,000. After adjustment, values are transferred
to GraphPad Prism for data analysis and graphing.

11.5.1 Collection and Adjustment of Luminometer Data for Range Finder Testing

The following steps describe the procedures required to populate the Excel® spreadsheet that has been
configured to collect and adjust the RLU values obtained from the luminometer.

1. Open the raw data file and the corresponding experimental Excel spreadsheet from Section 11.1.1.
2. Copy the raw data using the Excel copy function, then paste the copied data into cell B19 of the
“RAW DATA” tab in the experimental Excel® spreadsheet using the Paste Special — Values
command. This position corresponds to position Al in the table labeled Table 1 in this tab.
3. Examine the DMSO data in Table 1 of the Excel spreadsheet to determine whether there are any
potential outliers. See Section 11.6.2 for further explanation of outlier determinations.
4. If an outlier is identified, perform the following steps to remove the outlier from calculations:
= correct the equation used to calculate DMSO background in Table 1[e.g., if outlier is located in
cell F26, adjust the calculation in cell H40 to read =AVERAGE(G26:126)]
= then correct the equation used to calculate the average DMSO value in Table 2 [e.g., following
the above example, adjust cell M42 to read =AVERAGE(G26:126)]
= then correct the equation used to calculate the standard deviation of the DMSO value in Table 2
[e.g., following the above example, adjust cell M43 to read =STDEV(G36:136)]
5. Excel will automatically subtract the background (the average DMSO control value) from all of the
RLU values in Table 1 and populate Table 2 with these adjusted values.
6. To calculate plate induction, identify the cell containing the E2a replicate in Table 1, plate row H that
has the highest RLU value (i.e., cell B26, C26, D26, or E26).
7. Click into cell D14 and enter the cell number from the previous step into the numerator.
8. Identify the cell containing the E2b replicate in Table 1, plate row H that has the highest RLU value
(i.e., cell J26, K26, L26, or M26).
9. Click into cell E14 and enter the cell number from the previous step into the numerator.
10. Click on the “ER Agonist Report” worksheet.
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The data for the E2 reference standard, methoxychlor, and DMSO replicates populate the left portion

(columns A — F) of the spreadsheet. The data is automatically placed in an Excel® graph.

To set the highest RLU value for the reference standard to 10,000 RLU, go to cell D2 of “ER Agonist

Report” tab and check the formula contained within that cell. The divisor should be the cell number

of the cell containing the highest Mean E2 RLU value (i.e., cell A16, A17, A18, or A19).

Open the “Visual Observation Scoring” worksheet. Enter the visual observation scores for each well

on the 96-well plate. This data will be linked to the “ER Agonist Report” worksheet.

After the testing results have been evaluated and reviewed for quality control, enter the following

information into the Compound Tracking worksheet:

= Enter pass/fail results for plate reference standard and control parameters into the Plate Pass/Fail
Table

* Enter information from the testing of coded substances into the Testing Results Table

» Reviewer Name — Enter the name of the person who Reviewed\QC’ed the data into cell A34

= Date — Enter the date on which the data was reviewed into cell D34

11.5.2 Collection and Adjustment of Luminometer Data for Comprehensive Testing

The following steps describe the procedures required to populate the Excel spreadsheet that has been
configured to collect and adjust the RLU values obtained from the luminometer.

1.
2.

10.
11.
12.

13.

14.

15.

Open the raw data file and the corresponding experimental Excel spreadsheet from Section 11.1.2.
Copy the raw data using the Excel copy function, then paste the copied data into cell B16 of the
“RAW DATA” worksheet in the experimental Excel spreadsheet using the Paste Special — Values
command. This position corresponds to position Al in the table labeled Table 1 in this worksheet.
Fill out the table at the top of the “Raw Data” worksheet with information regarding the Microplate
reader used, Reading Direction, No. of Intervals, Tot. Meas. Time/Well (s), etc. If desired, this
information can be added to the Laboratory Template File.

Examine the DMSO data in Table 1 of the Excel spreadsheet to determine whether there are any

potential outliers. See Section 11.6.2 for further explanation of outlier determinations.

If an outlier is identified, perform the following steps to remove the outlier from calculations:

= correct the equation used to calculate DMSO background in Table 1[e.g., if outlier is located in
cell M17, adjust the calculation in cell H37 to read =AVERAGE(M16,M18:M19)]

» then correct the equation used to calculate the DMSO mean and SD values [e.g., following the
above example, adjust cell M39 to read =AVERAGE(M28,M30:M31), and adjust cell M40 to
read =STDEV(M28,M30:M31)]

Excel will automatically subtract the background (the average DMSO control value) from all of the

RLU values in Table 1 and populate Table 2 with these adjusted values.

To calculate plate induction, identify the cell in containing the E2 replicate in Table 1, plate row G

that has the highest RLU value.

Click into cell D11 and enter the cell number from the previous step into the numerator.

Identify the cell containing the E2 replicate in plate row H that has the highest RLU value.

Click into cell E11 and enter the cell number from the previous step into the numerator.

Open the “ER Agonist Report” worksheet.

The data for the E2 reference standard, methoxychlor, and DMSO replicates populate the left portion

(columns A — E) of the spreadsheet. The data is automatically placed in an Excel graph.

To set the highest RLU value for the reference standard to 10,000 RLU, go to cell E2 of “ER Agonist

Report” tab and check the formula contained within that cell. The divisor should be the cell number

of the cell containing the highest Avg E2 RLU value (cells A16 through A26).

Open the “Visual Observation Scoring” worksheet. Enter the visual observation scores for each well

on the 96-well plate. This data will be linked to the “ER Agonist Report” worksheet.

Copy the data from the “ER Agonist Report” worksheet into GraphPad Prism for the calculation of

ECs5, values and to graph experimental results as indicated in the NICEATM Prism Users Guide.
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16. After the testing results have been evaluated and reviewed for quality control, enter the following
information into the Compound Tracking worksheet:
» Enter pass/fail results for plate reference standard and control parameters into the Plate Pass/Fail
Table
=  Enter information from the testing of coded substances into the Testing Results Table
= Reviewer Name — Enter the name of the person who Reviewed\QC’ed the data into cell A32
= Date — Enter the date on which the data was reviewed into cell D32

11.5.3 Determination of Outliers

The Study Director will use good statistical judgment for determining “unusable” wells that will be
excluded from the data analysis and will provide an explanation in the study notebook for any excluded
data. This judgment for data acceptance will include Q-test analysis.

The formula for the Q test is:
Outlier — Nearest Neighbor

Range (Highest — Lowest)

where the outlier is the value proposed for exclusion, the nearest neighbor is the value closest to the
outlier, and the range is the range of the three values (Q values for samples sizes from 3 to 10 are
provided in Table 11-2). For example, if the value of this ratio is greater than 0.94 (the Q value for the
90% confidence interval for a sample size of three) or 0.76 (the Q value for the 90% confidence interval
for a sample size of four), the outlier may be excluded from data analysis.

Table 11-2 Q Test Values
Number Of Observations Q Value
2 -

0.94
0.76
0.64
0.56
0.51
0.47
0.44
10 0.41

ol QA N | ~| W

For E2 reference standard replicates (sample size of two), any adjusted RLU value for a replicate at a
given concentration of E2 is considered and outlier if its value is more than 20% above or below the
adjusted RLU value for that concentration in the historical database.

11.5.4 Acceptance Criteria

11.5.4.1 Range Finder Testing

Acceptance or rejection of a test is based on evaluation of reference standard and control results from
each experiment conducted on a 96-well plate. Results are compared to quality controls (QC) for these
parameters derived from the historical database, which are summarized below.

* Induction: Plate induction, as measured by dividing the averaged highest E2 reference standard RLU
value by the averaged DMSO control RLU value, must be greater than three-fold.
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e DMSO control results: Solvent control RLU values must be within 2.5 times the standard deviation of

the historical solvent control mean RLU value.

An experiment that fails either acceptance criterion will be discarded and repeated.

11.54.2

Acceptance or rejection of a test is based on evaluation of reference standard and control results from

Comprehensive Testing

each experiment conducted on a 96-well plate. Results are compared to quality controls (QC) for these
parameters derived from the historical database, which are summarized below.

* Induction: Plate induction, as measured by dividing the averaged highest E2 reference standard RLU

value by the averaged DMSO control RLU value, must be greater than three-fold.

* Reference standard results: The E2 reference standard concentration-response curve should be
sigmoidal in shape and have at least three values within the linear portion of the concentration-
response curve.

¢ DMSO control results: DMSO control RLU values must be within 2.5 times the standard deviation of

the historical solvent control mean RLU value.

* Positive control results: Methoxychlor control RLU values must be above the line representing the
DMSO mean plus three times the standard deviation from the DMSO mean.

An experiment that fails any single acceptance criterion will be discarded and repeated.

12.0 Range Finder Testing

Agonist range finding for coded substances consists of seven point, 1:10 serial dilutions, with each
concentration tested in duplicate wells of the 96-well plate. Figure 12-1 contains a template for the plate
layout to be used in agonist range finder testing.

Figure 12-1

Agonist Range Finder Test Plate Layout

TS1-1 | TS1-1 | TS2-1 | TS2-1 | TS3-1 | TS3-1 | TS4-1 | TS4-1 | TS5-1 | TS5-1 | TS6-1 | TS6-1
TS1-2 | TS1-2 | TS2-2 | TS2-2 | TS3-2 | TS3-2 | TS4-2 | TS4-2 | TS5-2 | TS5-2 | TS6-2 | TS6-2
TS1-3 | TS1-3 | TS2-3 | TS2-3 | TS3-3 | TS3-3 | TS4-3 | TS4-3 | TS5-3 | TS5-3 | TS6-3 | TS6-3
TS1-4 | TS1-4 | TS2-4 | TS2-4 | TS3-4 | TS3-4 | TS4-4 | TS4-4 | TS5-4 | TS5-4 | TS6-4 | TS6-4
TS1-5 | TS1-5 | TS2-5 | TS2-5 | TS3-5 | TS3-5 | TS4-5 | TS4-5 | TS5-5 | TSS5-5 | TS6-5 | TS6-5
TS1-6 | TS1-6 | TS2-6 | TS2-6 | TS3-6 | TS3-6 | TS4-6 | TS4-6 | TS5-6 | TS5-6 | TS6-6 | TS6-6
TS1-7 | TS1-7 | TS2-7 | TS2-7 | TS3-7 | TS3-7 | TS4-7 | TS4-7 | TS5-7 | TSS5-7 | TS6-7 | TS6-7
E2-1 E2-2 E2-3 E2-4 vC vC vC vC E2-1 E2-2 E2-3 E2-4

Abbreviations: E2 = E2 control; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]).
E2-1 to E2-4 = concentrations of the E2 reference standard (from high to low)
TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1)
TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2)
TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3)
TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4)
TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5)
TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6)
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Evaluate whether range finder experiments have met the acceptance criteria (see Section 11.5.4.1).
To determine starting concentrations for comprehensive testing use the following criteria:

e Ifresults in the range finder test suggest that the test substance is negative for agonist activity (i.e., if
there are no points on the test substance concentration curve that are greater than the mean plus three
times the standard deviation of the DMSO control, see Figure 12-2), comprehensive testing will be
conducted using an 11 point 1:2 serial dilution starting at the maximum soluble concentration.

e Ifresults in the range finder test suggest that the test substance is negative for agonist activity (i.e., if
there are no points on the test substance concentration curve that are greater than the mean plus three
times the standard deviation of the DMSO control), and the higher concentrations in the range finder
are cytotoxic, comprehensive testing will be conducted using an 11 point 1:2 serial dilution with the
lowest cytotoxic concentration as the starting concentration (see Figure 12-3).

* Ifresults in the range finder test suggest that the test substance is positive for agonist activity (i.e., if
there are points on the test substance concentration curve that are greater than the mean plus three
times the standard deviation of the DMSO control), the starting concentration to be used for the 11-
point dilution scheme in comprehensive testing should be one log higher than the concentration
giving the highest adjusted RLU value in the range finder. The 11-point dilution scheme will be based
on either 1:2 or 1:5 dilutions according to the following criteria:

— An 11-point 1:2 serial dilution should be used if the resulting concentration range (note: an 11-
point 1:2 serial dilution will cover a range of concentrations over approximately three orders of
magnitude [three logs]) will encompass the full range of responses based on the concentration
response curve generated in the range finder test (see Figure 12-4).

— If the concentration range that would be generated with the 1:2 serial dilution will not encompass
the full range of responses based on the concentration response curve in the range finder test (see
Figure 12-5 and 12-6), an 11-point 1:5 serial dilution should be used instead.

e If a substance exhibits a biphasic concentration response curve in the range finder test, both phases
should also be resolved in comprehensive testing. In order to resolve both curves, the starting
concentration should be based on the peak associated with the higher concentration and should be one
log higher than the concentration giving the highest adjusted RLU value in the range finder. As an
example, an 11-point 1:5 serial dilution should be used based on the range finder results presented in
Figure 12-7.
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Figure 12-2 Agonist Range Finder (Example 1)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.
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Figure 12-3 Agonist Range Finder (Example 2)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.

Figure 12-4  Agonist Range Finder (Example 3)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.
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Figure 12-5  Agonist Range Finder (Example 4)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.

Figure 12-6  Agonist Range Finder (Example 5)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.
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Figure 12-7  Agonist Range Finder (Example 6)
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The solid horizontal line represents the mean plus three times the standard deviation of the DMSO control.
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13.0 Comprehensive Testing

Agonist comprehensive testing for coded substances consists of 11 point serial dilutions (either 1:2 or 1:5
serial dilutions based on the starting concentration for comprehensive testing criteria in Section 12.0)
with each concentration tested in triplicate wells of the 96-well plate. Figure 13-1 contains a template for
the plate layout to be used in agonist comprehensive testing.

Figure 13-1  Agonist Comprehensive Test Plate Layout

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TS1-11 vC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TS1-11 vC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TS1-11 vC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 |TS2-10 | TS2-11 vC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 |TS2-10 | TS2-11 | Met

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 |TS2-10 | TS2-11 | Met

E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8 E2-9 E2-10 | E2-11 Met

E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8 E2-9 E2-10 | E2-11 Met

Abbreviations: E2 = E2 control; Met = p,p -methoxychlor weak positive control; TS = test substance; VC = vehicle
control (DMSO [1% v/v EFM)).

TS1-1to TS1-11 = concentrations (from high to low) of test substance 1
TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2

Evaluate whether comprehensive experiments have met acceptance criteria (see Section 11.6.4) and graph

the data as described in the NICEATM Prism® users guide. Then evaluate the test substance results.

13.1  Test Substance Positive and Negative Criteria

Positive Classification:

* All test substances classified as positive for ER agonist activity should have a concentration—response

curve consisting of a baseline, followed by a positive slope, and concluding in a plateau or peak. In
some cases, only two of these characteristics (baseline—slope or slope—peak) may be defined.

* The line defining the positive slope must contain at least three points with nonoverlapping error bars
(mean £ SD). Points forming the baseline are excluded, but the linear portion of the curve may
include the peak or first point of the plateau.

* A positive classification requires a response amplitude, the difference between baseline and peak, of
at least 20% of the maximal value for the reference estrogen (i.e., 2000 RLUs when the maximal
response value of the reference estrogen is adjusted to 10,000 RLUs).

* If possible, an ECs value should be calculated for each positive substance.

Negative Classification:

* For all concentration—response curves that fail to meet the criteria for a positive response, test
substances are classified as negative for agonist activity if all data points are below 20% of the
maximal value for the reference estrogen (i.e., 2000 RLUs when the maximal response value of the
reference estrogen is adjusted to 10,000 RLUs).
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Inadequate Classification:

* Data are classified as inadequate if, because of major qualitative or quantitative limitations, they
cannot be interpreted as valid for showing either the presence or absence of activity.

14.0 Compilation of the Historical Quality Control Database

Historical databases are maintained in order to ensure that the assay is functioning properly. Historical

databases are compiled using Excel spreadsheets and are separate from the spreadsheets used to collect
the data for individual test plates. Reference standard and control data are used to develop and maintain
the historical database and are used as quality controls to determine acceptance of individual test plates.

The sources of the data needed to compile the historical database for the DMSO control are the
experiment specific Excel data collection and analysis spreadsheets used for BG1Luc ER TA agonist and
antagonist testing (see Section 11.5.2 of the BG1Luc ER TA agonist protocol and Section 13.5.2 in the
BGI1Luc ER TA antagonist protocol).

14.1 DMSO Control

Open the combined agonist and antagonist BG1Luc ER TA historical database Excel spreadsheet
(LUMI_AgandAntQC xls) and save under a new name using the Excel “Save As” function, adding the
laboratory designator to the file name (e.g., for Laboratory H, the new name would be

HLUMI AgandAntQC.xls). Enter the date and experiment name into worksheet columns A and B
respectively. Enter the experimental mean DMSO control value (from cell H37 in the RAW DATA
worksheet of the agonist and antagonist Excel data collection and analysis spreadsheet) into worksheet
column C. Acceptance or rejection of the plate DMSO control data for range finding and comprehensive
testing is based on whether the mean plate DMSO RLU value falls within 2.5 times the standard deviation
of the DMSO value in the historical database (columns G and H in the DMSO worksheet).

15.0 Quality Testing of Materials

All information pertaining to the preparation and testing of media, media supplements, and other
materials should be recorded in the Study Notebook.

15.1 Tissue Culture Media

Each lot of tissue culture medium must be tested in a single growth flask of cells before use in ongoing
tissue culture or experimentation (note: each bottle within a given lot of charcoal/dextran treated FBS
must be tested separately).

1. Every new lot of media (RPMI and DMEM) and media components (FBS, charcoal/dextran treated
FBS, and L-glutamine) must first be tested on the BG1Luc ER TA prior to being used in any GLP
acceptable assays.

Add 4 pL of DMSO (previously tested) into four separate 13 mm tubes.

Add 400 uL media (to be tested) to the same tubes.

Dose an experimental plate as in Section 12.0, treating the media being tested as a test substance.

Analyze 96-well plate as described in Section 12.0, comparing the data from the DMSO controls

made using previously tested tissue culture media to the new media being tested.

6. Use the agonist historical database to determine if the new media with DMSO lies within 2.5 standard
deviations of the mean for the media. If the RLU values for the new media with DMSO lie within 2.5
standard deviation of the mean for the historical data on DMSO, the new lot of media is acceptable. If
the RLU values for the new media with DMSO do not lie within 2.5 standard deviations of the
DMSO mean from historical database, the new lot may not be used in the assay.

7. Note date and lot number in study notebook.

nhk v
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If the new bottle passes quality testing as described in Section 15.1 step 6, apply the media to a single
flask of cells and observe cell growth and morphology over the following 2 — 3 days. If there is no
change in growth or morphology, the new media is acceptable for use.

15.2 G418

New lots of G418 must first be tested on the BG1Luc ER TA prior to being used in any GLP
acceptable assays.

Add 220 pL of G418 (previously tested) to a single flask containing cells growing in RPMI.

Add 220 pL of G418 (to be tested) to a different flask containing cells growing in RPMI.

Observe cellular growth and morphology in both tissue culture flasks over a 48 to 72 hour period. If
there are no differences in observed growth rate and morphology between the two flasks, the new
G418 lot is acceptable.

If cellular growth is decreased, or the cells exhibit abnormal morphology, the new lot of G418 is not
acceptable.

Note date and lot number in study book.

15.3 DMSO

Every new bottle of DMSO must be tested on the BG1Luc ER TA prior to use in any GLP acceptable
assays.

Add 4 pL of DMSO (to be tested) into four separate 13 mm tubes.

Add 400 uL media (previously tested) to the same tubes.

Dose an experimental plate as in Section 12.0, treating the DMSO containing media being tested as a
test substance.

Analyze 96-well plate as described in Section 12.0, comparing the data from the DMSO controls
made using previously tested tissue culture media.

Use the agonist historical database to determine if media with new DMSO lies within 2.5 standard
deviations of the DMSO mean from historical database. If the RLU values for the media with new
DMSO lie within 2.5 standard deviations of the DMSO mean from the historical database, the new lot
of DMSO is acceptable. If the RLU values for media with new DMSO do not lie within 2.5 standard
deviations of the DMSO mean from historical database, the new lot may not be used in the assay.
Note the date, lot number, and bottle number in study book.

If no DMSO has been previously tested, test several bottles as described in Section 15.3, and
determine whether any of the bottles of DMSO have a lower average RLU than the other bottle(s)
tested. Use the DMSO with the lowest average RLU for official experiments.

15.4 Plastic Tissue Culture Materials

Grow one set of cells, plate them for experiments on plastic ware from the new lot and one set of cells
in the plastic ware from a previous lot, and dose them with E2 reference standard and controls.
Perform the BG1Luc ER TA experiment with both sets of cells.

If all of the analysis falls within acceptable QC criteria, then the new manufacturer’s products may be
used.
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BG1Luc ER TA TEST METHOD
ANTAGONIST PROTOCOL

National Toxicology Program (NTP) Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM)
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13 mm test tube
DMEM

DMSO

DMSO Control
E2

E2 Control

1Cs, Value

ER
Estrogen-free DMEM

FBS
TAM/E2 Control

G418

List of Acronyms and Abbreviations

13 x 100 mm glass test tubes

Dulbecco’s Modification of Eagle’s Medium

Dimethyl Sulfoxide

1% v/v dilution of DMSO in tissue culture media used as a vehicle control
17p-estradiol

2.5x 107 ug/mL E2 used as a control.

Concentration that produces a half-maximal response as calculated using the
four parameter Hill function.

Estrogen Receptor

DMEM (phenol red free), supplemented with 1 % Penicillin/Streptomycin, 2
% L-Glutamine, and 5% Charcoal-dextran treated FBS

Fetal Bovine Serum

1.26 ug/mL tamoxifen + 2.5 x 10™ ug/mL E2, used as a weak positive
control.

Gentamycin

Ral/E2 Reference Standard Nine point dilution of raloxifene HCI + 2.5 x 10™ 17p-estradiol reference

RPMI
TA
T25
T75
T150

B-40

standard for the BG1Luc ER TAantagonist assay
RPMI 1640 growth medium

Transcriptional Activation

25 cm” tissue culture flask

75 cm” tissue culture flask

150 ¢cm? tissue culture flask



Appendix B — ICCVAM-Recommended Protocols

1.0 Purpose

This protocol is designed to evaluate coded test substances for potential estrogen receptor (ER) antagonist
activity using the BG1Luc ER TA test method.

2.0  Sponsor

(As Appropriate)

3.0 Definitions

* Dosing Solution: The test substance, control substance, or reference standard solution which is to be
placed into the tissue culture wells for experimentation.

* Raw Data: Raw data includes information that has been collected but not formatted or analyzed, and
consists of the following:

o Data recorded in the Study Notebook
o Computer printout of initial luminometer data
o Other data collected as part of GLP compliance, e.g.:

= Equipment logs and calibration records
=  Test substance and tissue culture media preparation logs
= Cryogenic freezer inventory logs

* Soluble: Test substance exists in a clear solution without visible cloudiness or precipitate.

* Study Notebook: The study notebook contains recordings of all activities related to the conduct of
the BG1Luc ER TA TA antagonist test method.

* Test Substances: Substances supplied to the testing laboratories that are coded and distributed such
that only the Project Officer, Study Management Team (SMT), and the Substance Inventory and
Distribution Management have knowledge of their true identity. The test substances will be
purchased, aliquoted, coded, and distributed by the Supplier under the guidance of the NIEHS/NTP
Project Officer and the SMT.

4.0 Testing Facility and Key Personnel
4.1 Testing Facility
(As Appropriate)

4.2 Key Personnel
* Study Director: (As Appropriate)
* Quality Assurance Director: (As Appropriate)

5.0 Identification of Reference Standard and Control Substances

5.1 Controls
Controls for the ER antagonist protocol are as follows:

Vehicle control (dimethyl sulfoxide [DMSO]): 1% v/v dilution of DMSO (CASRN 67-68-5) diluted in
tissue culture media

E2 control: 17B-estradiol, 2.5 x 10” ug/mL E2 in tissue culture media used as a base line negative control
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TAM/E?2 Control: Tamoxifen (TAM), CASRN 10540-29-1, 1.26 ug/mL, with 2.5 x 10” ug/mL E2 in
tissue culture media used as a weak positive control

5.2 Reference Standard

Ral/E2 reference standard for range finder testing: Three concentrations (1.56 x 107, 3.91 x 10™, and
9.77 x 10 pug/mL) of raloxifene HCI (Ral), CASRN 84449-90-1, plus a fixed concentration
(2.5 x 10™ ug/mL) of 17p-estradiol (E2), CASRN: 50-28-2, in duplicate wells.

Ral/E2 reference standard for comprehensive testing: A serial dilution of Ral plus a fixed concentration
(2.5 x 10” ug/mL) of E2 consisting of nine concentrations of Ral/E2 in duplicate wells.

6.0  Overview of General Procedures for Antagonist Testing

All experimental procedures are to be carried out under aseptic conditions and all solutions, glassware,
plastic ware, pipettes, etc., shall be sterile. All methods and procedures shall be documented in the study
notebook.

Antagonist range finder testing is conducted on 96-well plates using three concentrations of Ral/E2
(1.56 x 107, 3.91 x 10, and 9.77 x 10~ ug/mL Ral) with 2.50 x 10~ ug/mL E2 in duplicate as the
reference standard, with three replicate wells for the E2 and DMSO controls.

Comprehensive testing is conducted on 96-well plates using nine concentrations of Ral/E2 in duplicate as
the reference standard (Table 6-1). Four replicate wells for the DMSO control, TAM/E2 and E2 controls
are included on each plate.

Table 6-1 Concentrations of Ral/E2 Reference Standard Used for Comprehensive Testing
Raloxifene Concentrations' E2 Concentrations
1.25x 107 25x 107
6.25x 107 25x107°
3.13x 107 25x10°
1.56 x 107 25x10°
7.81x 10™ 25x107°
3.91x 10" 25x10°
1.95x 10* 25x10°
9.77 x 107 25x107°
4.88x 107 2.5x%x 107

' Concentrations are presented in ug/mL.

Visual observations for cell viability are conducted for all experimental plates just prior to luminescence
measurements, as outlined in Section 11.4.

Luminescence data, measured in relative light units (RLUs), is corrected for background luminescence by
subtracting the mean RLU value of the vehicle control (DMSO) wells from the RLU measurements for
each of the other wells of the 96-well plate. Data is then transferred into Excel® data management
spreadsheets and GraphPad PRISM® statistical software, graphed, and evaluated for a positive or negative
response as follows:

* A response is considered positive for antagonist activity when the average adjusted RLU for a given
concentration is less than the mean RLU value minus three times the standard deviation for the E2
control.
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* Any luminescence at or above this threshold is considered a negative response.

For substances that are positive at one or more concentrations, the concentration of test substance that
causes a half-maximal response (the relative ICsy) is calculated using a Hill function analysis. The Hill
function is a four-parameter logistic mathematical model relating the substance concentration to the
response (typically following a sigmoidal curve) using the equation below

Top — Bottom

1 O(logICSO— X)HillSlope

Y = Bottom +
1+

where Y = response (i.e., relative light units); X = the logarithm of concentration; Bottom = the minimum
response; Top = the maximum response; log ICs, = the logarithm of X as the response midway between
Top and Bottom; and HillSlope describes the steepness of the curve. The model calculates the best fit for
the Top, Bottom, HillSlope, and ICs, parameters. See Section 13.6.5 for more details.

Acceptance or rejection of a test is based on evaluation of reference standard and control results from
each experiment conducted on a 96-well plate. Results for these controls are compared to historical results
compiled in the historical database, as seen in Section 16.0.

6.1 Range Finder Testing

Antagonist range finding for coded substances consists of a seven-point 1:10 serial dilution using
duplicate wells per concentration. Concentrations for comprehensive testing are selected based on the
response observed in range finder testing. If necessary, a second range finder test can be conducted to
clarify the optimal concentration range to test (see Section 14.0).

6.2 Comprehensive Testing

Comprehensive antagonist testing for coded substances consists of 11-point serial dilutions, with each
concentration tested in triplicate wells of the 96-well plate. Three separate experiments are conducted for
comprehensive testing on three separate days, except during Phases 111 and IV of the validation effort, in
which comprehensive testing experiments are conducted once (see Section 15.0).

7.0  Materials for BG1Luc ER TA Antagonist Testing

This section provides the materials needed to conduct BG1Luc ER TA testing, with associated brand
names/vendors' in brackets.

7.1 BG1Luc4E2 Cells

Human ovarian cancer cell line stably transfected with a plasmid containing an estrogen response element
(Figure 7-1). The BG1Luc4E2 cell line is available upon request from the University of California,
Davis, California, USA, and is also available from Xenobiotic Detection Systems Inc., Durham, North
Carolina, USA.

' Brand names and vendors should not be considered an endorsement by the U.S. Government or any member of
the U.S. Government; such information is provided as an example.
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Figure 7-1 pGudLuc7.ERE Plasmid

7.2

Estrogen
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BamHI” A<y Luciferase

Xbal

Technical Equipment:

All technical equipment may be obtained from Fisher Scientific International, Inc. (Liberty Lane
Hampton, NH, USA 03842). Equivalent technical equipment from another commercial source can be
used.

Analytical balance (Cat. No. 01-910-320)

Berthold Orion 1 Microplate Luminometer [Berthold CatNo.: Orion 1 MPL3] or equivalent and
dedicated computer

Biological safety hood, class II, and stand (Cat. No. 16-108-99)

Centrifuge (low speed, tabletop with swinging bucket rotor) (Cat. No. 04-978-50 centrifuge, and 05-
103B rotor)

Combustion test kit (CO, monitoring) (Cat. No. 10-884-1)

Drummond diaphragm pipetter (Cat. No. 13-681-15)

Freezers, —20°C (Cat. No. 13-986-150), and —70°C (Cat. No. 13-990-86)

Hand tally counter (Cat. No. 07905-6)

Hemocytometer, cell counter (Cat. No. 02-671-5)

Light microscope, inverted (Cat. No. 12-561-INV)

Light microscope, upright (Cat. No. 12-561-3M)

Liquid nitrogen flask (Cat. No. 11-675-92)

Micropipetter, repeating (Cat. No. 21-380-9)

Pipetters, air displacement, single channel (0.5 —10uL (Cat. No. 21-377-191), 2 =20 uL (Cat. No. 21-
377-287), 20 — 200uL (Cat. No. 21-377-298), 200 - 1000 uL (Cat. No. 21-377-195))
Refrigerator/freezer (Cat. No. 13-986-106A)

Shaker for 96-well plates (Cat. No. 14-271-9)

Sodium hydroxide (Cat. No. 5318-500)

Sonicating water bath (Cat. No. 15-335-30)

Tissue culture incubator with CO, and temperature control (Cat. No. 11-689-4)

Vacuum pump with liquid trap (side arm Erlenmeyer) (Cat. No. 01-092-29)

Vortex mixer (Cat. No. 12-814)

Equipment should be maintained and calibrated as per GLP guidelines and individual laboratory SOPs.
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7.3 Reference Standard, Controls, and Tissue Culture Supplies

All tissue culture reagents must be labeled to indicate source, identity, storage conditions and expiration
dates. Tissue culture solutions must be labeled to indicate concentration, stability (where known), and
preparation and expiration dates.

Equivalent tissue culture media and sera from another commercial source can be used, but must first be
tested as described in Section 17.0 to determine suitability for use in this test method.

The following are the necessary tissue culture reagents and possible sources based on their use in the pre-
validation studies:

* BackSeal-96/384, white adhesive bottom seal for 96-well and 384-well microplate [Perkin-Elmer,
Cat. No. 6005199]

e 17 B-estradiol (CAS RN: 50-28-2) [Sigma-Aldrich, Cat. No. E8875]

* CellTiter-Glo® Luminescent Cell Viability Assay [Promega Cat. No. G7572]

* Cryovial, 2 mL (Corning Costar) [Fisher Scientific Cat. No. 03-374-21]

e Culture tube 13 x 100mm (case) [Thomas Scientific Cat. No.: 10009186R38]*

*  Culture tube, 50 mL conical (Corning Costar) [Fisher Scientific Cat. No. 05-526C]

¢ DMSO, U.S.P. analytical grade. [Sigma-Aldrich, Cat. No. 34869-100ML]

*  Dulbecco’s Modification of Eagle’s Medium (DMEM), containing 4.5 g/L glucose, with sodium
pyruvate, without phenol red or L-glutamine [Mediatech/Cellgro, Cat. No. 17-205-CV]

* Fetal Bovine Serum [Mediatech/Cellgro Cat. No. MT 35-010-CV]

* Fetal Bovine Serum, charcoal/dextran treated, triple 0.1 um sterile filtered [Hyclone, Cat. No.
SH30068.03]

* Tamoxifen (CASRN: 10540-29-1) [Sigma-Aldrich, Cat. No. T5648]

* Gentamycin Sulfate (G418), 50 mg/mL [Mediatech/Cellgro Cat. No. 30-234-CR]

* L-glutamine, 29.2 mg/mL [Cellgro, Cat. No. 25005-CI]

* Luciferase Assay System (10-Pack) [Promega Cat. No. E1501]

* Lysis Solution 5X [Promega, Cat. No. E1531]

*  Penicillin/streptomycin solution, 5000 1.U. penicillin, 5000 pg/mL streptomycin [Cellgro, Cat. No.
30-001-CT].

* Phosphate buffered saline (PBS, 1X) without calcium and magnesium [Cellgro, Cat. No. 21-040-CV]

* Pipettes, serological: 2.0 mL [Sigma-Aldrich, Cat. No. P1736], 5.0 mL [Sigma-Aldrich, Cat. No.
P1986], 25 mL [Sigma-Aldrich, Cat. No. P2486]

* Raloxifene (CASRN 84449-90-1) [Sigma-Aldrich Cat. No. R1402]

* RPMI 1640 medium, containing L-glutamine [Mediatech, Cat. No. 10-040-CV]

e Tissue culture flasks (Corning-Costar): 25 cm® (T25) [Fisher Cat. No. 10-126-28]; 75 cm” (T75)
[Fisher Cat. No. 10-126-37]; and 150 cm? (T150) [Fisher Cat. No. 10-126-34]

e Tissue culture plates (Corning-Costar): 96-well [Thomas Scientific Cat. No. 6916A05]

*  Trypsin (10X), 2.5% in Hank’s balanced salt solution (HBSS), without calcium and magnesium,
without phenol red [Cellgro, Cat. No. 25-054-CI].

All reagent lot numbers and expiration dates must be recorded in the study notebook.

8.0  Preparation of Tissue Culture Media and Solutions

All tissue culture media and media supplements must be quality tested before use in experiments (see
Section 15.0).

* If glass tubes cannot be obtained from Thomas Scientific, the preference is for flint glass, then lime glass, then
borosilicate glass.
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8.1 RPMI 1640 Growth Medium (RPMI)
RPMI 1640 is supplemented with 0.9% Pen-Strep and 8.0% FBS to make RPMI growth medium (RPMI).
Procedure for one 549 mL bottle:

1. Remove FBS from -70°C freezer, and Pen-Strep from -20°C freezer and allow to equilibrate to room
temperature.

2. Add 44 mL of FBS and 5 mL Pen-Strep to the bottle of RPMI 1640.

3. Label RPMI bottle as indicated in Section 7.3

Store at 2-8 °C for no longer than six months or until the shortest expiration date of any media
component.

8.2 Estrogen-Free DMEM Medium

DMEM is supplemented to contain 4.5% charcoal/dextran treated FBS, 1.9% L-glutamine, 0.9% Pen-
Strep.

Procedure for one 539 mL bottle:

1. Remove charcoal/dextran treated FBS from -70°C freezer, and L-glutamine and Pen-Strep from -
20°C freezer and allow to equilibrate to room temperature.

2. Add 24 mL of charcoal/dextran treated FBS, 10 mL L-glutamine, and 5 mL Pen-Strep to one 500 mL
bottle of  DMEM.

3. Label estrogen-free DMEM bottle as indicated in Section 7.3

Store at 2-8 °C for no longer than six months or until the shortest expiration date of any media
component.

8.3 1X Trypsin Solution

1X Trypsin solution is prepared by dilution from a 10X premixed stock solution. The 10X stock solution
should be stored in 10 mL aliquots in a -20°C freezer.

Procedure for making 100 mL of 1X trypsin:

1. Remove a 10mL aliquot of 10X trypsin from -20°C freezer and allow to equilibrate to room
temperature.

2. Aliquot 1 mL Trypsin (10X) along with 9 mL of 1X PBS into ten 15 mL centrifuge tubes.
3. Label 1X trypsin aliquots as indicated in Section 7.3
1X Trypsin should be stored at -20°C.

8.4 1X Lysis Solution

Lysis solution is prepared by dilution from a 5X premixed stock solution. Both the 5X and 1X solutions
can be repeatedly freeze-thawed.

The procedure for making 10 mL of 1X lysis solution:
1. Thaw the 5X Promega Lysis solution and allow it to reach room temperature.
2. Remove 2 mL of 5X solution and place it in a 15 mL conical centrifuge tube.

3. Add 8 mL of distilled, de-ionized water to the conical tube.
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4. Cap and shake gently until solutions are mixed.

Store at -20°C for no longer than 1 year from receipt.

8.5 Reconstituted Luciferase Reagent
Luciferase reagent consists of two components, luciferase buffer and lyophilized luciferase substrate.

For long-term storage, unopened containers of the luciferase buffer and lyophilized luciferase substrate
can be stored at -70°C for up to six months.

To reconstitute luciferase reagent:

1. Remove luciferase buffer and luciferase substrate from -70°C freezer and allow them to equilibrate to
room temperature.

2. Add 10 mL of luciferase buffer solution to luciferase substrate container and swirl or vortex to mix,
the luciferase substrate should readily go into solution.

3. Luciferase substrate should readily go into solution.
4. After solutions are mixed aliquot to a 15mL centrifuge tube.
5. Store complete solution at —20°C.

Reconstituted luciferase reagent is stable for 1 month at —20°C.

9.0 Overview of Propogation and Experimental Plating of BG1Luc4E2 Cells

BG1Luc4E2 cells are based on a continuous ovarian carcinoma cell line (BG-1 cells) that endogenously
express ERa and ERf and have been stably transfected with an ER responsive reporter gene (/uc).
Although the cell line has proved to be stable over long—term passage in vitro, careful handling and the
use of quality cell culture materials is required to maintain the stability and integrity of the cell line.
Procedures specified in the Guidance on Good Cell Culture Practice (Coecke 2005) should be followed to
assure the quality of all materials and methods in order to maintain the integrity, validity, and
reproducibility of any work conducted.

BGI1Luc4E2 cells are stored in liquid nitrogen in 2 mL cryovials. BG-1 cells are grown as a monolayer in
tissue culture flasks in a dedicated tissue culture incubator at 37°C + 1°C, 90% = 5% humidity, and

5.0% = 1% COy/air. The cells should be examined on a daily basis during working days under an inverted
phase contrast microscope, and any changes in morphology and adhesive properties must be noted in the
study notebook.

Two T150 flasks containing cells at 80% to 90% confluence will usually yield a sufficient number of cells
to fill three 96-well plates for use in experiments.
9.1 Procedures for Thawing Cells and Establishing Tissue Cultures

Warm all tissue culture media and solutions to room temperature by placing them under the tissue culture
hood several hours before use.

All tissue culture media, media supplements, and tissue culture plasticware must be quality tested before
use in experiments (Section 17.0).
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9.1.1 Thawing Cells

L.

S

Remove a cryovial of frozen BG-1 cells from the liquid nitrogen flask.

Facilitate rapid thawing by loosening the top slightly (do not remove top) to release trapped gasses
and retightening it. Roll vial between palms.

Use a micropipette to transfer cells to a 50 mL conical centrifuge tube.
Rinse cryovial twice with 1X PBS and add PBS rinse material to the conical tube.
Add 20 mL of RPMI to the conical tube.

Centrifuge at 1000 x g for eight min. If a pellet of cells has not formed, centrifuge for an additional 5
minutes.

Aspirate media from pellet and re-suspend it in 5 mL RPMI, drawing the pellet repeatedly through a
1.0 mL serological pipette to break up any clumps of cells.

Transfer cells to a T25 flask, place them in an incubator (see conditions in Section 9.0) and grow to
80% to 90% confluence (approximately 48 to 72 hrs).

9.1.2 Establishing Tissue Cultures

Once cells have reached 80% to 90% confluence, transfer the cells to a T75 flask by performing, for
example, the following steps:

1.
2.
3.

10.
11.

Remove the T25 flask from the incubator.
Aspirate the RPMI, then add 5 mL 1X PBS, making sure that the cells are coated with PBS.

Aspirate 1X PBS, then add 1 to 2 mL 1X trypsin to the T25 flask, gently swirling the flask to coat all
cells with the trypsin.

Place the flask in an incubator (see conditions in Section 9.0) for 5 to 10 min.
Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

After cells have detached, add 5 mL PBS, and transfer the suspended cells to a 50 mL centrifuge tube.
Wash the flask one additional time with 5 mL PBS.

Immediately add 20 mL RPMI to the conical tube to inhibit further cellular digestion by residual
trypsin.

Pellet the cells by centrifugation, as described in Section 9.1.1, and re-suspend the cells in 10 mL
RPMI medium.

Draw the pellet repeatedly through a 25 mL serological pipette to break up clumps of cells

Transfer cells to a T75 flask, then place the flask in an incubator (see conditions in Section 9.0) and
grow to 80% to 90% confluence (approximately 48 to 72 hrs).

When cells have reached 80% to 90% confluency, transfer them into a T150 flask by performing, for
example, the following steps:

12.
13.

Remove the T75 flask from the incubator, aspirate the old media and add 5 mL 1X PBS.

Aspirate 1X PBS, add 2 mL of 1X trypsin to the flask, and place it in an incubator (see conditions in
Section 9.0) for 5 to 10 min.
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14.
15.

16.
17.
18.

19.
20.
21.

22.

23.

24.

25.

26.

9.2
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Repeat steps 5 through 11 in Section 9.1.2, re-suspending the pellet in 20 mL of RPMI.

Transfer cells to a T150 flask and place it in the incubator (see conditions in Section 9.0) and grow to
80% to 90% confluence (approximately 48 to 72 hrs).

Remove the T150 flask from the incubator.
Aspirate the RPMI and add 5 mL 1X PBS.

Aspirate 1X PBS and add 3 mL 1X trypsin to the T150 flask, making sure that the cells are coated
with the trypsin.

Incubate cells in an incubator (see conditions in Section 9.0) for 5 to 10 min.
Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

After cells have detached, add SmL 1X PBS and transfer the suspended cells from the T150 flask to a
50 mL conical tube. Add an additional 5 mL PBS to the flask, then transfer to the 50 mL conical tube.
Immediately add 20 mL RPMI to the conical tube to inhibit further cellular digestion by residual
trypsin.

Centrifuge at 1000 x g for eight minutes. If a pellet of cells has not formed, centrifuge for an
additional 5 minutes.

Aspirate the media from the pellet and re-suspend it in 40 mL RPMI, drawing the pellet repeatedly
through a 25 mL serological pipette to break up any clumps of cells.

Transfer 20 mL of cell suspension to each of two T150 flasks, place them in an incubator (see
conditions in Section 9.0) and grow to 80% to 90% confluence (approximately 48 to 72 hrs).

Ongoing Tissue Culture Maintenance, Conditioning in Estrogen-free Medium, and Plating
Cells for Experimentation

The following procedure is used to condition the BG1Luc4E2 cells to an estrogen-free environment prior
to plating the cells in 96-well plates for analysis of estrogen dependent induction of luciferase activity.

To start the tissue culture maintenance and estrogen-free conditioning, split the two T150 culture flasks
into four T150 flasks. Two of these flasks will be used for continuing tissue culture and will use the
RPMI media mentioned above. The other two flasks will be cultured in estrogen-free DMEM for
experimental use. Extra care must be taken to avoid contaminating the estrogen-free cells with RPMI.

1.
2.
3.

Remove both T150 flasks from the incubator.
Aspirate the medium and rinse the cells with 5 mL 1X PBS.

Aspirate 1X PBS, then add 3 mL 1X trypsin to the flasks, gently swirling the flask to coat all cells
with the trypsin.

Incubate cells in the incubator (see conditions in Section 9.0) for 5 to 10 min.
Detach cells by hitting the side of the flask sharply against the palm or heel of the hand.

Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for an additional 2 minutes, then hit the flask again.

After cells have detached, add 5 mL 1X PBS to the first T150 flask and transfer the suspended cells to
the second T150 flask.
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10.

11.

Transfer the contents of both flasks to a 50 mL conical tube. Repeat step 7 with an additional 5 mL
1X PBS and transfer to the 50 mL conical tube.

Immediately add 20 mL estrogen-free DMEM to the 50 mL conical tube to inhibit further cellular
digestion by residual trypsin.

Centrifuge at 1000 x g for eight minutes. If a pellet of cells has not formed, centrifuge for an
additional 5 minutes.

Aspirate media from pellet and re-suspend it in 4 mL estrogen-free DMEM, drawing the pellet
repeatedly through a 1 mL serological pipette to break up clumps of cells.

At this point, cells are ready to be divided into the ongoing tissue culture and estrogen-free conditioning
groups.

9.2.1 Ongoing Tissue Culture Maintenance

1.
2.
3.

6.
7.

Add 20 mL RPMI to two T150 flasks.
Add 220 pLL G418 to the RPMI in the T150 flasks
Add 1 mL of cell suspension from Section 9.2 step 11 to each flask.

Place T150 flasks in tissue culture incubator (see conditions in Section 9.0) and grow to 80% to 90%
confluence (approximately 48 to 72 hrs).

Tissue culture medium may need to be changed 24 hours after addition of G418 to remove cells that
have died because they do not express reporter plasmid.

G418 does not need to be added to the flasks a second time.

Repeat Section 9.2 steps 1-11 for ongoing tissue culture maintenance.

9.2.2 Conditioning in Estrogen-free Medium

1.
2.
3.

Add 20 mL estrogen-free DMEM to two T150 flasks.
Add 150 puL G418 to the estrogen-free DMEM in the T150 flasks.
Add 1 mL of cell suspension from Section 9.2 step 11 to each flask.

Tissue culture medium may need to be changed 24 hours after addition of G418 to remove cells that
have died because they do not express reporter plasmid.

G418 does not need to be added to the flasks a second time.

Place the T150 flasks in the incubator (see conditions in Section 9.0) and grow to 80% to 90%
confluence (approximately 48 to 72 hrs).

9.2.3 Plating Cells Grown in Estrogen-free DMEM for Experimentation

1.

Remove the T150 flasks that have been conditioned in estrogen-free DMEM for 48 to 72 hours from
the incubator.

Aspirate the medium, then rinse the cells with 5 mL 1X PBS.

Aspirate 1X PBS, then add 3 mL 1X trypsin to the flasks, gently swirling the flask to coat all cells
with the trypsin.

Place the flasks in an incubator (see conditions in Section 9.0) for 5 to 10 min.

Detach cells by hitting the side of the flask sharply against the palm or the heel of the hand.
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Confirm cell detachment by examination under an inverted microscope. If cells have not detached,
return the flask to the incubator for 2 additional minutes, then hit the flask again.

After cells have detached, add 5 mL 1X PBS and transfer the suspended cells from the T150 flask to a
50 mL conical tube. Add an additional 5 mL PBS to the flask, then transfer to the 50 mL conical tube.

Immediately add 20 mL estrogen-free DMEM to each conical tube to inhibit further cellular digestion
by residual trypsin.

Centrifuge at 1000 x g for eight minutes. If a pellet of cells has not formed, centrifuge for an
additional 5 minutes.

Aspirate off the media from the pellet and re-suspend it in 20 mL. DMEM, drawing the pellet
repeatedly through a 25 mL serological pipette to break up any clumps of cells.

Pipette 15 pL of the cell suspension into the “v” shaped slot on the hemocytometer. Ensure that the
solution covers the entire surface area of the hemocytometer grid, and allow cells to settle before
counting.

Using 100x magnification, view the counting grid.

The counting grid on the hemocytometer consists of nine sections, four of which are counted (upper
left, upper right, lower left, and lower right, see Figure 9-1). Each section counted consists of four by
four grids. Starting at the top left and moving clockwise, count all cells in each of the four by four
grids. Some cells will be touching the outside borders of the square, but only count those that touch
the top and right borders of the square. This value is then used in the calculation below to get to the
desired concentration of 200,000 cells/mL.

Figure 9-1 Hemocytometer Counting Grid

1 2

3 a

The volume of each square is 10™* mL, therefore:
Cells/mL = (average number per grid) x 10 mL. x 1/(starting dilution).
Starting dilution: 20mL (for T150 flasks

Harvested cells for a T150 flask are suspended in 20 mL of estrogen-free DMEM and sampled for
determination of concentration of cells/mL.
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Example Calculation:
* Grids 1, 2, 3, and 4 are counted and provide the following data:

o 50,51, 49, and 50: average number of cells per grid is equal to 50.
Cells/mL = 50 cells per grid + 10 mL volume of grid = 50 X 10 * cells/mL (or 500,000 cells/mL)
Total # of Cells Harvested = 500,000 cells/mL x 20 mL
Desired Concentration (or Concentration gy, )= 200,000 cells/mL
Formula: (Concentration gy, X Volume gip, = Concentration pia X Volume pigar)
Concentration gjp, = 200,000 cells/mL
Concentration g, = 500,000 cells/mL
Volume pi= 20 mL
Volume gina — to be solved for.

Therefore: 200,000 cells/mL x Volume gina = 500,000 cells/mL x 20 mL
Solving for Volume iy, we find = 50 mL

Therefore, add 30 mL of estrogen-free DMEM to the cell suspension for a total volume of 50 mL, which
will yield the desired concentration of 200,000 cells/mL for plating.

14. This dilution scheme will give a concentration of 200,000 cells/mL. 200 mL of this cell suspension is
used for each well of a 96-well plate (i.e., 40,000 cells per well).

15. Remove a 96-well plate from its sterile packaging. Use a repeater pipetter to pipette 200 uL of cell
suspension into each well to be used for the testing of coded substances, reference standard and
controls (note: add 200 pL of estrogen-free DMEM only to any wells not being used for testing).

16. Incubate plate(s) in an incubator (see conditions in Section 9.0) for a minimum of 24 hours, but no
longer than 48 hours before dosing.

Two T150 flasks containing cells at 80% to 90% confluence will typically yield sufficient cells to fill four
96-well plates (not including the perimeter wells).
10.0 Preparation of Test Substances

The solvent used for dissolution of test substances is 100% DMSO. All test substances should be allowed
to equilibrate to room temperature before being dissolved and diluted. Test substance solutions (except
for reference standards and controls) should not be prepared in bulk for use in subsequent tests. Test
substances are to be used within 24 hours of preparation. Solutions should not have noticeable precipitate
or cloudiness.

All information on weighing, solubility testing, and calculation of final concentrations for test substances,
reference standards and controls is to be recorded in the study notebook.

10.1  Determination of Test Substance Solubility

1. Prepare a 200 mg/mL solution of the test substance in 100% DMSO in a 4 mL conical tube.

2. Vortex to mix.

3. If the test substance does not dissolve at 200 mg/mL, prepare a 20 mg/mL solution and vortex as
above.
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4. If the test substance does not dissolve at 20 mg/mL solution, prepare a 2 mg/mL solution in a 4 mL
conical tube and vortex as above.

5. If the test substance does not dissolve at 2 mg/mL, prepare a 0.2 mg/mL solution in a 4 mL conical
tube and vortex as above.

6. Continue testing, using 1/10 less substance in each subsequent attempt until test substance is
solubilized in DMSO.

Once the test substance has fully dissolved in 100% DMSO, the test substance is ready to be used for
BG1Luc ER TA testing.
11.0 Preparation of Reference Standard, Control and Test Substance Stock Solutions for

Range Finder and Comprehensive Testing

All information on preparation of test substances, reference standards and controls is to be recorded in
the study notebook.

11.1  Preparation of Ral/E2 Stock Solutions

E2 and raloxifene stocks are prepared separately and then combined into Ral/E2 stocks, which are then
used to prepare dosing solutions in Section 12.

11.1.1 E2 Stock Solution

The final concentration of the E2 stock solution is 5.0 x 10~ ug/mL. Prepare the E2 stock as shown in
Table 11-1.

Table 11-1 Preparation of E2 Stock Solution

Step # Action DMSO E2 Concentration
| Make a 10 mg/mL stock solution in 100% i 10 mg/mL
DMSO in a 4mL vial.
Transfer 10 pL E2 solution from Step #1 to a Add 990 pL of 100%
2 i new 4 mL vial. i DMSO. Vl(;lrtex to mix. 100 pg/mL
3 Transfer 10 pL E2 solution from Step #2 to a Add 990 pL of 100% | ug/mL
new 4mL vial. DMSO. Vortex to mix.

4 Transfer 100 uLL E2 solution from Step #3 to a Add 9.90 mL of 100% 1.0 x 107 ug/mL
new glass container large enough to hold 15 mL. DMSO. Vortex to mix. )

5 Transfer 5 mL E2 solution from Step #4 to a Add 5 mL of 100% 5.0 x 10 pg/mL
new glass container large enough to hold 15 mL DMSO. Vortex to mix. )

11.1.2 Raloxifene Stock Solution

Prepare a 2.5 ug/mL raloxifene working stock solution as shown in Table 11-2.
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Table 11-2 Preparation of Raloxifene Stock Solution

Step # Action DMSO Raloxifene
Concentration
1 Make a 10 mg/mL solution .of raloxifene in ) 1.0 x 10* ug/mL
a4 mL glass vial.
) Transfer 10 pL raloxifene solution from Add 990 pL of 100% DMSO. 100 pg/mL
Step #1 to a new 4 mL vial. Vortex to mix.
3 Transfer 150 pL raloxifene solution from Add 2.850 mL of 100% DMSO. 5 ug/mlL
Step #2 to a new 4 mL vial. Vortex to mix.
4 Transfer 1.5 mL raloxifene solution from Add 1.5 mL of 100% DMSO. 2.5 ug/mL
Step #3 to a new 13 mm test tube. Vortex to mix. )

11.2  Ral/E2 Range Finder Testing Stock

11.2.1 Raloxifene Dilutions

Number three 4 mL vials with the numbers 1 to 3 and use the raloxifene solution prepared in
Section 11.1.2 to make raloxifene dilutions as shown Table 11-3.

Table 11-3 Preparation of Raloxifene Dilutions for Range Finder Testing

Step # Action DMSO Ralox1fen.e
Concentration

| Transfer 250 pL of the 2.5 ug/mL raloxifene working | Add 750 pL of 100% DMSO 6.25 x 10" pg/mL
stock solution to a 4 mL tube and vortex ’

5 Transfer 500 L of the 6.25 x 10" ug/mL raloxifene | Add 500 uL of 100% DMSO 3.13 x 10" pg/mL
solution to a 4 mL tube and vortex ’

3 Transfer 250 pL of the 3.13 x 10 pg/mL raloxifene | Add 750 pL of 100% DMSO 7.81 x 102 pg/mL
solution to a 4 mL tube and vortex ’

4 Transfer 125 L of the 7.81 x 10~ ug/mL raloxifene | Add 375 uL of 100% DMSO 1.95 x 102 pg/mL
solution to a 4 mL tube and vortex ’

11.2.2 Preparation of Ral/E2 Range Finder Working Stocks

Label three 4 mL conical tubes with numbers 1 through 3 and add 500 pL of the 5 x 10™ ug/mL E2
solution prepared in Section 11.1.1 to each tube. Add 500 pL of the 3.13 x 10™', 7.81 x 107, and 1.95 x
107 ug/mL raloxifene solutions prepared in Section 11.2.1 to tubes 1, 2, and 3 respectively. Vortex each
tube to mix. The final concentrations for raloxifene and E2 are listed in Table 11-4.

Table 11-4 Concentrations of Raloxifene and E2 in the Ral/E2 Range Finder Working Stocks

Tube # Raloxifene (ug/mL) E2 (ng/mL)
1 1.56x 107" 25x107
2 3.91x 107 25x107
3 9.77 x 107 25x107

11.3 Ral/E2 Comprehensive Testing Stock

11.3.1 Raloxifene Dilutions

Use the raloxifene solution prepared in Section 11.1.2 to make a nine-point serial dilution of raloxifene as
shown Table 11-5.
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Table 11-5 Preparation of Raloxifene Dilutions for Comprehensive Testing
Step # Action DMSO Discard Raloxifene
Concentration
Transfer 500 pL of the raloxifene working
! stock solution to a new 4 mL vial. ) ) 25 pg/mb
’ Transfer 500 pL of the raloxifene working Add 500 pL of 100% ) 1.25 ue/mL
stock solution to a new 4 mL vial. DMSO. Vortex to mix. U8
Transfer 500 pL raloxifene solution from Add 500 pL of 100% -1
3 Step #2 to a new 4 mL vial. DMSO. Vortex to mix. ] 6.25 x 107 pg/ml
Transfer 500 pL raloxifene solution from Add 500 pL of 100% -1
4 Step #3 to a new 4 mL vial. DMSO. Vortex to mix. ) 313 x 107 pg/ml
Transfer 500 pL raloxifene solution from Add 500 pL of 100% -1
> Step #4 to a new 4 mL vial. DMSO. Vortex to mix. ] 156 x 107 pg/mL
Transfer 500 pL raloxifene solution from Add 500 pL of 100% 2
6 Step #5 to a new 4 mL vial. DMSO. Vortex to mix. ] 781 x 107 pg/ml
Transfer 500 pL raloxifene solution from Add 500 pL of 100% 2
’ Step #6 to a new 4 mL vial. DMSO. Vortex to mix. ) 391 x 107 ug/mL
Transfer 500 pL raloxifene solution from Add 500 pL of 100% 2
8 Step #7 to a new 4 mL vial. DMSO. Vortex to mix. 1.95 x 107 pg/mL
9 Transfer 500 pL raloxifene solution from Add 500 pL of 100% Discard 500 pL 977 x 102 we/mL
Step #8 to a new 4 mL vial. DMSO. Vortex to mix. from Tube #9 ) ue

11.3.2 Preparation of Ral/E2 Comprehensive Testing Working Stocks:

Add 500 pL of the 5 x 10” pg/mL E2 solution prepared in Section 11.1.1 to each of the 9 raloxifene
dilution vials (including the working stock solution in Tube #1). Vortex each tube to mix. The final
concentrations for raloxifene and E2 are listed in Table 11-6.

Table 11-6 Concentrations of Raloxifene and E2 in the Ral/E2 Working Stocks
Tube # Raloxifene (ng/mL) E2 (ng/mL
1 1.25 25x%x10°7°
2 6.25x 107 25x10°7°
3 3.13x 10’ 25x10°7°
4 1.56 x 107! 25x10°7°
5 7.81 x 10 25x10°7°
6 3.91x 107 25x%x10°7°
7 1.95x 1072 25x10°7°
8 9.77x 107 25x10°7°
9 4.88x 107 25x10°7°

114 TAM/E2 Stock Solution

To prepare the TAM/E2 stock solution, proceed as follows:

1. Prepare 1 mL of 2.52 x 10" pg/mL tamoxifen

2. Add 1 mL of 5 x 10” pg/mL E2 (prepared as in Section 11.1.1) to the 2.52 x 10™ pg/mL tamoxifen.
This will make a working solution of 1.26 x 10™ pg/mL tamoxifen with 2.5 x 10~ pg/mL E2.

12.0 Preparation of Reference Standard, Control and Test Substance Dosing Solutions
for Range Finder and Comprehensive Testing

12.1  Preparation of Reference Standard and Control Dosing Solutions - Range Finder Testing

Range finder testing is conducted on 96-well plates using three concentrations of Ral/E2 in duplicate as
the reference standard. Three replicate wells for the DMSO, and E2 controls are included on each plate.
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All “dosing solutions” of test substance concentrations are to be expressed as ug/mL in the study
notebook and in all laboratory reports. Dosing solutions are to be used within 24 hours of preparation.
12.1.1 Preparation of Ral/E2 Reference Standard Range Finder Dosing Solutions

1. Label three 13 mm glass tubes with the numbers 1 to 3.

2. Add 6 pL Ral/E2 stock from tube #1 (Section 11.2.2) to 13 mm glass test tube #1.

3. Add 6 pL of Ral/E2 stock from tube #2 from Section 11.2.2 to the 13 mm glass test tube labeled #2.
Repeat for tube #3.

4. Add 600 puL of estrogen-free DMEM to each tube and vortex.

12.1.2 Preparation of DMSO Control Range Finder Dosing Solution
1. Add 8 pL of 100% DMSO to a 13 mm glass test tube.
2. Add 800 pL of estrogen-free DMEM to each tube and vortex.

12.1.3 Preparation of E2 Control Range Finder Dosing Solution

1. Add4 pL of the E2 stock from Section 11.1.1 to a 13 mm glass test tube.
2. Add 4 pL of 100% DMSO to the tube.

3. Add 800 uL of estrogen-free DMEM to the tube and vortex to mix.

12.2  Preparation of Test Substance Dosing Solutions for Range Finder Testing

Range finder experiments are used to determine the concentrations of test substance to be used during
comprehensive testing. Antagonist range finding for coded substances consists of seven-point 1:10 serial
dilutions in duplicate.

To prepare test substance dosing solutions:
1. Label two sets of seven glass 13 mm test tubes with the numbers 1 through 7 and place them in a test

tube rack. Perform a serial dilution of test substance as shown in Table 12-1 using one set of tubes.

Table 12-1 Preparation of Test Substance Serial Dilution for Range Finder Testing

Tube # 100% DMSO Test Substance' Final Volume
1 - 100 pL of test substance solution from Section 10.1 100 ulL
2 90 uL 10 pL of test substance solution from Section 10.1 100 ulL
3 90 uL 10 pL from Tube #2 100 pL
4 90 uL 10 pL from Tube #3 100 pL
5 90 uL 10 pL from Tube #4 100 pL
6 90 uL 10 pL from Tube #5 100 ulL
7 90 uL 10 pL from Tube #6 100 pL

' Vortex tubes #2 through 6 before removing test substance/DMSO solution to place in the next tube in the series.

2. Transfer test substance/DMSO solutions to the second set of labeled tubes and add E2 as shown in
Table 12-2.
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Table 12-2 Addition of E2 to Test Substance Serial Dilution for Range Finder Testing
Tube Estrogen-free Final
Number Test Substance E2 DMEM® | Volume
Transfer 4 pL of test substance from Add 4 pL of the 5 x 10~ ug/mL E2
1 Tube #1 in Section 12.2 step 1 to a solution prepared in Section 11.1.1. 800 puL 808 uL
new tube Vortex to mix.
3
Transfer 4 pL of test substance from Add 4 uL of the 5 X 10 %tg/mL E2
2 Tube #2 to a new tube solution prepared in Section 11.1.1 800 puL 808 uL
Vortex to mix.
3
Transfer 4 pL of test substance from Add .4 uL of the S.X 10 'ug/mL £2
3 Tube #3 to a new tube solution prepared in Section 11.1.1. 800 puL 808 pL
Vortex to mix.
3
Transfer 4 pL of test substance from Add .4 ML of the S.X 10 .p,g/mL £2
4 Tube #4 to a new tube solution prepared in Section 11.1.1. 800 uL 808 uL
Vortex to mix.
3
Transfer 4 pL of test substance from Add .4 WL of the S.X 10 M g/mL. E2
5 Tube #5 to a new tube solution prepared in Section 11.1.1. 800 L 808 uL
Vortex to mix.
3
Transfer 4 pL of test substance from Add .4 ML of the S.X 10 .ug/mL £2
6 Tube #6 to a new tube solution prepared in Section 11.1.1. 800 uL 808 uL
Vortex to mix.
3
Transfer 4 pL of test substance from Add .4 WL of the S.X 10 M g/mL. E2
7 Tube #7 to a new tube solution prepared in Section 11.1.1. 800 L 808 uL
Vortex to mix.

Determination of whether a substance is positive in range finder testing and selection of starting

concentrations for comprehensive testing will be discussed in Section 14.0.

12.3

Testing

Preparation of Reference Standard and Control Dosing Solutions for Comprehensive

Comprehensive testing is conducted on 96-well plates using nine concentrations of Ral/E2 in duplicate as
the reference standard. Four replicate wells for the DMSO, E2 and TAM/E2 controls are included on each

plate.

All “dosing solutions” of test substance concentrations are to be expressed as ug/mL in the study
notebook and in all laboratory reports.

Store dosing solutions at room temperature. Use within 24 hours of preparation.

12.3.1 Preparation of Ral/E2 Reference Standard Dosing Solutions for Comprehensive Testing

In preparation for making Ral/E2 1:2 serial dilutions, label two sets of nine glass 13 mm test tubes with
the numbers 1 through 9 and place them in a test tube rack. Tube number 1 will contain the highest

concentration of raloxifene (Table 12-3).

Table 12-3 Preparation of Ral/E2 Reference Standard Dosing Solution for Comprehensive
Testing
NIIl:ll;)eer Ral/E2 Stock Es%ﬁiﬁ;{ree Final Volume
1 6 pL of Tube #1 from Section 11.3.2 600 uL 606 ulL
2 6 pL of Tube #2 from Section 11.3.2 600 uL 606 ulL
3 6 pL of Tube #3 from Section 11.3.2 600 pL 606 pL
4 6 pL of Tube #4 from Section 11.3.2 600 uL 606 ulL
5 6 pL of Tube #5 from Section 11.3.2 600 pL 606 pL
6 6 pL of Tube #6 from Section 11.3.2 600 pL 606 pL
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b Ral/E2 Stock fstrogen-re¢ | Final Volume
7 6 pL of Tube #7 from Section 11.3.2 600 pL 606 pL
8 6 pL of Tube #8 from Section 11.3.2 600 pL 606 pL
9 6 pL of Tube #9 from Section 11.3.2 600 pL 606 pL

12.3.2 Preparation of DMSO Control Comprehensive Testing Dosing Solution
1. Add 10 pL of 100% DMSO to a 13 mm glass test tube.
2. Add 1000 pL of estrogen-free DMEM to the tube and vortex to mix.

12.3.3 Preparation of E2 Control Comprehensive Testing Dosing Solution
1. Add 5 pL of the E2 stock from Section 11.1.1 to a 13 mm glass test tube.
2. Add 5 pL of 100% DMSO to the tube.

3. Add 1000 puL of estrogen-free DMEM to the tube and vortex to mix.

12.3.4 Preparation of TAM/E2 Control Comprehensive Dosing Solution
1. Add 10 pL of TAM/E2 from Section 11.4 to a 13 mm glass test tube.
2. Add 1000 pL of estrogen-free DMEM to the tube and vortex to mix.

12.4  Preparation of Test Substance Dosing Solutions for Comprehensive Testing

Comprehensive testing experiments are used to determine whether a substance possesses ER antagonist
activity in the BG1Luc ER TA test method. Antagonist comprehensive testing for coded substances
consists of either an 11-point 1:2 serial dilution, or an 11-point 1:5 serial dilution with each concentration
tested in triplicate wells of the 96-well plate.

12.4.1 Preparation of Test Substance 1:2 Serial Dilutions for Comprehensive Testing

Start the 11-point serial dilution according to criteria in Section 14.0.

To make test substance 1:2 serial dilutions for comprehensive testing:

1. Label eleven 4 mL conical tubes with numbers 1 through 11 and place them in a tube rack.

2. Label eleven 13 mm glass test tubes with numbers 1 through 11, place them in a tube rack, and add
800 pL of estrogen-free DMEM to each tube.

Prepare dilution of test substance as shown in Table 12-4.

Table 12-4 Preparation of Test Substance 1:2 Serial Dilutions for Comprehensive Testing
E2 Estrogen- .
o,
NI::H)eer 1;12/([]8/2) Test Substance' Discard | Testing free Vl:)iz?r:e
Stock DMEM*

4 uL of test substance solution
! - from Section 10.2.4 step 1 - 4pL 800 L 808 uL

4 uL of test substance solution

2 4 pL from Section 10.2.4 step 1 ) 4pL 800 uL 808 uL
3 4 ulL 4 uL from Tube #2 - 4 uL 800 uL 808 uL
4 4 ulL 4 uL from Tube #3 - 4 uL 800 uL 808 uL
5 4 ulL 4 uL from Tube #4 - 4 uL 800 uL 808 uL
6 4 ulL 4 uL from Tube #5 - 4 uL 800 uL 808 uL

B-58



Appendix B — ICCVAM-Recommended Protocols

E2 Estrogen- ]
o,
N:;l;)eer ];12/(1)8/:) Test Substance’ Discard | Testing free VFoillllilrlle
Stock DMEM’
7 4 uL 4 uL from Tube #6 - 4 uL 800 puL 808 uL
8 4 uL 4 pL from Tube #7 - 4 uL 800 puL 808 uL
9 4 uL 4 pL from Tube #8 - 4 uL 800 puL 808 uL
10 4 ulL 4 uL from Tube #9 - 4 uL 800 puL 808 puL
11 4 uL 4 pL from Tube #10 4 uL 4 uL 800 puL 808 uL

' Vortex tubes #2 through 10 before removing test substance/DMSO solution to place in the next tube in the series.
2 Vortex all tubes to mix media, test substance, and E2.

12.4.2 Preparation of Test Substance 1:5 Serial Dilutions for Comprehensive Testing
Start the 11-point serial dilution according to criteria in Section 14.0.

To make test substance 1:5 serial dilutions for comprehensive testing:

1. Label eleven 4 mL conical tubes with numbers 1 through 11 and place them in a tube rack.

2. Label eleven 13 mm glass test tubes with numbers 1 through 11, place them in a tube rack, and add
800 uL of estrogen-free DMEM to each tube.

Prepare dilution of test substance as shown in Table 12-5.

Table 12-5 Preparation of Test Substance 1:5 Dilutions for Comprehensive Testing
Tube 100% Test Substance! Discard T Et2.n Estrogen-free Final

Number | DMSO estSubstance 15¢ Stock DMEM? Volume
4 uL of test substance solution from

! ) Section 10.2.4 step 1 ) 4L 800 L 808 uL
4 uL of test substance solution from

2 16 L Section 10.2.4 step 1 ] 4L 800 pL 808 pL

3 16 uL 4 pL from Tube #2 - 4 uL 800 pL 808 uL

4 16 uL 4 pL from Tube #3 - 4 pL 800 uL 808 uL

5 16 uL 4 pL from Tube #4 - 4 L 800 pL 808 uL

6 16 pL 4 pL from Tube #5 - 4 uL 800 uL 808 pL

7 16 uL 4 pL from Tube #6 - 4 uL 800 pL 808 uL

8 16 uL 4 pL from Tube #7 - 4 pL 800 uL 808 uL

9 16 uL 4 pL from Tube #8 - 4 pL 800 uL 808 uL

10 16 uL 4 pL from Tube #9 - 4 ulL 800 pL 808 uL

11 16 uL 4 pL from Tube #10 20 uL 4 uL 800 pL 808 uL

' Vortex tubes #2 through 10 before removing test substance/DMSO solution to place in the next tube in the series.
2 Vortex all tubes to mix media, test substance, and E2.

13.0 General Procedures for the Testing of Coded Substances

Range finder experiments are used to determine the concentrations of test substance to be used during
comprehensive testing. Comprehensive testing experiments are used to determine whether a substance
possesses ER antagonist activity in the BG1Luc ER TA test method.

General procedures for range finder and comprehensive testing are nearly identical. For specific details
(such as plate layout) of range finder testing see Section 14.0. For specific details of comprehensive
testing, see Section 15.0.
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13.1  Application of Reference Standard, Control and Test Substances

L.

Remove the 96-well plates (from Section 9.2.3 step 18) from the incubator; inspect them using an
inverted microscope. Only use plates in which the cells in all wells receive a score of 1 according to
Table 11-1.

Remove medium by inverting the plate onto blotter paper. Gently tap plate against the bench surface
to remove residual liquid trapped in the wells.

Add 200 pL of medium, reference standard, control or test substance to each well (see Sections 14.0
and 15.0 for specific plate layouts).

Return plates to incubator (see Section 9.0 for details) for 19 to 24 hours to allow maximal induction
of luciferase activity in the cells.

13.1.1 Preparation of Microsoft Excel® Data Analysis Template For Range Finder Testing

L.

In Microsoft Excel, open a new “AntRFTemplate” and save it with the appropriate project name as
indicated in the NICEATM Style Guide.

Fill out the table at the top of the “Raw Data” worksheet with information regarding the Microplate
reader used, Reading Direction, No. of Intervals, Tot. Meas. Time/Well (s), etc. (Note: this
information can be permanently added to the default template “AntRFTemplate” on a laboratory
specific basis).

Add the following information regarding the assay to the “Compound Tracking” worksheet.

» Plate # - Enter the experiment ID or plate number into cell E1

= Cell Lot # - Enter the passage or lot number of the cells used for this experiment into cell B5

* DMSO and Media Lot #’s — Enter the lot numbers for the DMSO and Media in cells B6 and
B7

= Test Substance Code — Enter the test substance codes into cells C14 to C19

= Name: Enter the experimenter name into cell G6

» Date: Enter the experiment date in the format day\month\year into cell G10

* Comments: - Enter any comments about the experiment in this box (e.g., plate contaminated)

Enter the following substance testing information to the “List” worksheet:

= Concentration — Type in the test substance concentration in ug/mL in descending order.

*  Any specific comments about the test substance or condition of the wells should be entered
into this sheet, in the comments section

= All of the remaining cells on the “List” worksheet should populate automatically.

* The “Template”, “Compound Mixing” and “Visual Inspection” worksheet should
automatically populate with the information entered into the “Compound Tracking” and
“List” worksheet.

Save the newly named project file.

Print out either the “List” or “Template” worksheet for help with dosing the 96-well plate. Sign and
date the print out and store in study notebook.

13.1.2 Preparation of Excel Data Analysis Template for Comprehensive Testing

1.

In Excel, open a new “AntCTTemplate” and save it with the appropriate project name as indicated in
the NICEATM Style Guide.

Fill out the table at the top of the “Raw Data” worksheet with information regarding the Microplate
reader used, Reading Direction, No. of Intervals, Tot. Meas. Time/Well (s), etc. (Note: this
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information can be permanently added to the default template “AntCTTemplate” on a laboratory-
specific basis).

3. On the “Compound Tracking” worksheet, enter the following information:

= Plate # - Enter the experiment ID or plate number into cell E1

= Cell Lot # - Enter the passage or lot number of the cells used for this experiment into cell C5

=  DMSO and Media Lot #’s — Enter the lot numbers for the DMSO and Media in cells C6 and
Cc7

= Test Substance Code — Enter the test substance codes into cells C15 and C16. Enter the test
substance dilution into cells D15 and D16.

= Name: Enter the experimenter name into cell F6

= Date: Enter the experiment date in the format day\month\year into cell G10

= Comments: - Enter any comments about the experiment in this box (e.g., plate contaminated)

4. Enter the following substance testing information to the “List” worksheet:

= Concentration — Type in the test substance concentration in pg/mL in descending order.

*  Any specific comments about the test substance or condition of the wells should be entered
into this sheet, in the comments section

= All of the remaining cells on the “List” worksheet should populate automatically.

= The “Template”, “Compound Mixing” and “Visual Inspection” worksheet should
automatically populate with the information entered into the “Compound Tracking” and
“List” worksheet.

5. Save the newly named project file.

6. Print out either the “List” or “Template” worksheet for help with dosing the 96-well plate. Sign and
date the print out and store in study notebook.

13.2  Visual Evaluation of Cell Viability

1. Nineteen to 24 hours after dosing the plate, remove the plate from the incubator and remove the
media from the wells by inverting the plate onto blotter paper. Gently tap plate against the bench
surface to remove residual liquid trapped in the wells.

2. Use a repeat pipetter to add 50 uL 1X PBS to all wells. Immediately remove PBS by inversion.
3. Using an inverted microscope, inspect all of the wells used in the 96-well plate and record the visual

observations using the scores in Table 13-1.

Table 13-1 Visual Observation Scoring

Viability Score Brief Description’
1 Normal Cell Morphology and Cell Density
2 Altered Cell Morphology and/or Small Gaps between Cells
3 Altered Cell Morphology and/or Large Gaps between Cells
4 Few (or no) Visible Cells
P Wells containing precipitation are to be noted with “P”

! Reference photomicrographs are provided in the BGILUC ER TA Validation Study “Visual Observation Cell Viability
Manual.”
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13.3  Lysis of Cells for BG1Luc ER TA

1. Apply the reflective white backing tape to the bottom of the 96-well plate (this will increase the
effectiveness of the luminometer).

2. Add 30 puL 1X lysis reagent to the assay wells and place the 96-well plate on an orbital shaker for one
minute.

3. Remove plate from shaker and measure luminescence (as described in Section 13.4).

13.4 Measurement of Luminescence

Luminescence is measured in the range of 300 to 650 nm, using an injecting luminometer and with
software that controls the injection volume and measurement interval. Light emission from each well is
expressed as relative light units (RLU) per well. The luminometer output is saved as raw data in an Excel
spread sheet. A hard copy of the luminometer raw data should be signed, dated and stored in the study
notebook.

13.5 Data Analysis

BG1Luc ER TA uses an Excel spreadsheet to collect and adjust the RLU values obtained from the
luminometer and a GraphPad Prism® template to analyze and graph data. Plate reduction is calculated
using unadjusted RLU values.

The Excel spreadsheet subtracts background luminescence (average DMSO solvent control RLU value)
from test substance, reference standard and control RLU values. Test substance, reference standard, and
control RLU values are then adjusted relative to the highest Ral/E2 reference standard RLU value, which
is set to 10,000. After adjustment, values are transferred to GraphPad Prism for data analysis and
graphing.

13.5.1 Collection and Adjustment of Luminometer Data for Range Finder Testing

The following steps describe the procedures required to populate the Excel spreadsheet that has
been configured to collect and adjust the RLU values obtained from the luminometer.
1. Open the raw data file and the corresponding experimental Excel® spreadsheet from Section 13.1.1.

2. Copy the raw data using the Excel copy function, then paste the copied data into cell B19 of the
“RAW DATA?” tab in the experimental Excel spreadsheet using the Paste Special — Values
command. This position corresponds to position Al in the table labeled Table 1 in this tab.

3. Examine the DMSO data in Table 1 of the Excel spreadsheet to determine whether there are any
potential outliers. See Section 13.5.3 for further explanation of outlier determinations.

4. If an outlier is identified, perform the following steps to remove the outlier from calculations:

= Correct the equation used to calculate DMSO background in Table 1 [e.g., if outlier is located
in cell F26, adjust the calculation in cell H40 to read =AVERAGE(E26,G26)]

= Then correct the equation used to calculate the average DMSO value in Table 2 [e.g.,
following the above example, adjust cell M42 to read =AVERAGE(E38,G38)]

= Then correct the equation used to calculate the standard deviation of the DMSO value in
Table 2 [e.g., following the above example, adjust cell M43 to read =STDEV(E38,G38)]

5. Excel will automatically subtract the background (the average DMSO control value) from all of the
RLU values in Table 1 and populate Table 2 with these adjusted values.

6. To calculate plate reduction, identify the cell containing the Ral/E2a replicate in Table 1, plate row H
that has the lowest RLU value (i.e., cell B26, C26, or D26).
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Identify the cell containing the Ral/E2a replicate in Table 1, plate row H that has the highest RLU
value (i.e., cell B26, C26, or D26).

Click into cell D14 and enter the cell number from Section 13.5.1 step 7 into the numerator and the
cell number from step 6 into the denominator.

Identify the cell containing the Ral/E2b replicate in Table 1, plate row H that has the lowest RLU
value (i.e., cell K26, L.26, or M26).

Identify the cell containing the Ral/E2b replicate in Table 1, plate row H that has the highest RLU
value (i.e., cell K26, L26, or M26).

Click into cell E14 and enter the cell number from Section 13.5.1 step 10 into the numerator and the
cell number from step 9 into the denominator.

Click on the “ER Antagonist Report” worksheet.

The data for the Ral/E2 reference standard, DMSO, and E2, replicates populate the left portion
(columns A-F) of the spreadsheet. The data is automatically placed into an Excel® graph.

To set the highest RLU value for the reference standard to 10,000 RLU, go to cell C2 of “ER
Antagonist Report” worksheet and check the formula contained within that cell. The divisor should be
the cell number of the cell containing the highest averaged Ral/E2 RLU value (column A).

Open the “Visual Observation Scoring” worksheet. Enter the visual observation scores for each well
on the 96-well plate. This data will be linked to the “ER Antagonist Report” worksheet.

After the testing results have been evaluated and reviewed for quality control, enter the following
information into the Compound Tracking worksheet:

= Enter pass/fail results for plate reference standard and control parameters into the Plate
Pass/Fail Table

= Enter information from the testing of coded substances into the Testing Results Table

= Reviewer Name — Enter the name of the person who Reviewed\QC’ed the data into cell A34

» Date — Enter the date on which the data was reviewed into cell D34

13.5.2 Collection and Adjustment of Luminometer Data for Comprehensive Testing

The following steps describe the procedures required to populate the Excel® spreadsheet that has been
configured to collect and adjust the RLU values obtained from the luminometer.

1.
2.

Open the raw data file and the corresponding experimental Excel® spreadsheet from Section 13.1.2.

Copy the raw data using the Excel copy function, then paste the copied data into cell B14 of the
“RAW DATA” tab in the experimental Excel® spreadsheet using the Paste Special — Values

command. This position corresponds to position Al in the table labeled Table 1 in this tab.

Examine the DMSO data in Table 1 of the Excel® spreadsheet to determine whether there are any
potential outliers. See Section 13.5.3 for further explanation of outlier determinations.

If an outlier is identified, perform the following steps to remove the outlier from calculations:

= Correct the equation used to calculate DMSO background in Table 1[e.g., if outlier is located
in cell M 14, adjust the calculation in cell H40 to read =AVERAGE(M15:M17)]

= Then correct the equation used to calculate the average DMSO value in Table 2 [e.g.,
following the above example, adjust cell M35 to read =AVERAGE(M25:M27)]

* Then correct the equation used to calculate the standard deviation of the DMSO value in
Table 2 [e.g., following the above example, adjust cell M36 to read =STDEV(M25:M27)]
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5. [Excel will automatically subtract the background (the average DMSO control value) from all of the
RLU values in Table 1 and populate Table 2 with these adjusted values.

6. To calculate plate reduction, identify the cell containing the Ral/E2 replicate in plate row G that has
the lowest RLU value.

7. Identify the cell containing the Ral/E2 replicate in plate row G that has the highest RLU value.

8. Click into cell D14 and enter the cell number from Section 13.5.2 step 7 into the numerator and the
cell number from step 6 into the denominator.

9. Identify the cell containing the Ral/E2 replicate in plate row H that has the lowest RLU value.
10. Identify the cell containing the Ral/E2 replicate in plate row H that has the highest RLU value.

11. Click into cell E14 and enter the cell number from Section 13.5.2 step 10 into the numerator and the
cell number from step 9 into the denominator.

12. Click on the “ER Antagonist Report” worksheet.

13. The data for the Ral/E2 reference standard, DMSO, E2, and TAM/E2 replicates populate the left
portion (columns A-E) of the spreadsheet. The data is automatically placed into an Excel® graph.

14. To set the highest RLU value for the reference standard to 10,000 RLU, go to cell D2 of “ER
Antagonist Report” worksheet and check the formula contained within that cell. The divisor should be
the cell number of the cell containing the highest averaged Ral/E2 RLU value (column A).

15. Open the “Visual Observation Scoring” worksheet. Enter the visual observation scores for each well
on the 96-well plate. This data will be linked to the “ER Antagonist Report” worksheet.

16. Copy the data into GraphPad Prism® for the calculation of ICs values and to graph experimental
results as indicated in the NICEATM Prism® Users Guide.

17. After the testing results have been evaluated and reviewed for quality control, enter the following
information into the Compound Tracking worksheet:

= Enter pass/fail results for plate reference standard and control parameters into the Plate
Pass/Fail Table

= Enter information from the testing of coded substances into the Testing Results Table

= Reviewer Name — Enter the name of the person who Reviewed\QC’ed the data into cell A34

= Date — Enter the date on which the data was reviewed into cell D32

13.5.3 Determination of Outliers

The Study Director will use good statistical judgment for determining “unusable” wells that will be
excluded from the data analysis and will provide an explanation in the study notebook for any excluded
data. This judgment for data acceptance will include Q-test analysis.

The formula for the Q test is:
Outlier — Nearest Neighbor

Range (Highest — Lowest)

where the outlier is the value proposed for exclusion, the nearest neighbor is the value closest to the
outlier, and the range is the range of the three values (Q values for samples sizes from 3 to 10 are
provided in Table 13-2). For example, if the value of this ratio is greater than 0.94 (the Q value for the
90% confidence interval for a sample size of three) or 0.76 (the Q value for the 90% confidence interval
for a sample size of four), the outlier may be excluded from data analysis.
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Table 13-2 Q Test Values

Number Of Observations Q Value

2 -

3 0.94
4 0.76
5 0.64
6 0.56
7 0.51
8 0.47
9 0.44
10 0.41

For E2 reference standard replicates (sample size of two), any adjusted RLU value for a replicate at a
given concentration of E2 is considered and outlier if its value is more than 20% above or below the
adjusted RLU value for that concentration in the historical database.

13.5.4 Acceptance Criteria

13.5.4.1 Range Finder Testing

Acceptance or rejection of a range finder test is based on reference standard and solvent control results
from each experiment conducted on a 96-well plate.

* Reduction: Plate reduction, as measured by dividing the averaged highest Ral/E2 reference standard
RLU value by the averaged DMSO control RLU value, must be greater than three-fold.

* E2 control results: E2 control RLU values must be within 2.5 times the standard deviation of the
historical E2 control mean RLU value (See Section 16.1).

¢ DMSO control results: DMSO control RLU values must be within 2.5 times the standard deviation of
the historical solvent control mean RLU value (see Section 16.2).

An experiment that fails either acceptance criterion will be discarded and repeated.

13.5.4.2 Comprehensive Testing

Acceptance or rejection of a test is based on evaluation of reference standard and control results from
each experiment conducted on a 96-well plate. Results are compared to quality controls (QC) for these
parameters derived from the historical database (see Section 16.5), which are summarized below.

* Reduction: Plate reduction, as measured by dividing the averaged highest Ral/E2 reference standard
RLU value by the averaged lowest Ral/E2 control RLU value, must be greater than three-fold.

¢ DMSO control results: DMSO control RLU values must be within 2.5 times the standard deviation of
the historical solvent control mean RLU value (see Section 16.5).

¢ Reference standard results: The Ral/2 reference standard concentration-response curve should be
sigmoidal in shape and have at least three values within the linear portion of the concentration-
response curve.

* E2 control results: E2 control RLU values must be within 2.5 times the standard deviation of the
historical E2 control mean RLU value.

* Positive control results: TAM/E2 control RLU values must be less than the E2 control mean minus
three times the standard deviation from the E2 control mean.

An experiment that fails any single acceptance criterion will be discarded and repeated.
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14.0 Range Finder Testing

Antagonist range finding for coded substances consists of seven point, 1:10 serial dilutions tested in
duplicate wells of the 96-well plate. Figure 14-1 contains a template for the plate layout used in
antagonist range finder testing.

Figure 14-1  Antagonist Range Finder Plate Layout

TS1-1 | TS1-1 | TS2-1 | TS2-1 | TS3-1 | TS3-1 | TS4-1 | TS4-1 | TS5-1 | TS5-1 | TS6-1 | TS6-1
TS1-2 | TS1-2 | TS2-2 | TS2-2 | TS3-2 | TS3-2 | TS4-2 | TS4-2 | TS5-2 | TS5-2 | TS6-2 | TS6-2
TS1-3 | TS1-3 | TS2-3 | TS2-3 | TS3-3 | TS3-3 | TS4-3 | TS4-3 | TS5-3 | TS5-3 | TS6-3 | TS6-3
TS1-4 | TS1-4 | TS2-4 | TS2-4 | TS3-4 | TS3-4 | TS4-4 | TS4-4 | TS5-4 | TS5-4 | TS6-4 | TS6-4
TS1-5 | TS1-5 | TS2-5 | TS2-5 | TS3-5 | TS3-5 | TS4-5 | TS4-5 | TS5-5 | TS5-5 | TS6-5 | TS6-5
TS1-6 | TS1-6 | TS2-6 | TS2-6 | TS3-6 | TS3-6 | TS4-6 | TS4-6 | TS5-6 | TS5-6 | TS6-6 | TS6-6
TS1-7 | TS1-7 | TS2-7 | TS2-7 | TS3-7 | TS3-7 | TS4-7 | TS4-7 | TS5-7 | TS5-7 | TS6-7 | TS6-7
Ral-1 Ral-2 Ral-3 VvC VvC VvC E2 E2 E2 Ral-1 Ral-2 Ral-3

Abbreviations: E2 = E2 control; Ral = raloxifene; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]).
Ral-1 to Ral-3 = concentrations of the raloxifene/E2 reference standard (from high to low)

TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1)

TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2)

TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3)

TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4)

TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5)

TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6)

Evaluate whether range finder experiments have met acceptance criteria (see Section 13.6.3).

To determine starting concentrations for comprehensive testing use the following criteria:

If results in the range finder test suggest that the test substance is negative for antagonist activity (i.e.,
if there are no points on the test substance concentration curve that are less than the mean minus three
times the standard deviation of the E2 control, see Figure 14-2), comprehensive testing will be
conducted using an 11-point 1:2 serial dilution using the maximum soluble concentration of test
substance as the with the limit dose as the starting concentration.

If results in the range finder test suggest that the test substance is negative for antagonist activity (i.e.,
if there are no points on the test substance concentration curve that are than the mean minus three
times the standard deviation of the E2 control), and the higher concentrations in the range finder are
cytotoxic, comprehensive testing will be conducted using an 11 point 1:2 serial dilution with the
lowest cytotoxic concentration as the starting concentration (see Figure 14-3).

If results in the range finder test suggest that the test substance is positive for antagonist activity (i.e.,
if there are points on the test substance concentration curve that are less than the mean minus three
times the standard deviation of the E2 control), the top concentration to be used for the 11-point
dilution scheme in comprehensive testing should be one of the following:

— The concentration giving the lowest adjusted RLU value in the range finder
— The maximum soluble concentration (See Figure 14-2)
— The lowest cytotoxic concentration (See Figure 14-3 for a related example).
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The 11-point dilution scheme will be based on either a 1:2 or 1:5 serial or dilution according to the
following criteria:

— An 11-point 1:2 serial dilution should be used if the resulting concentration range (note: an 11-
point 1:2 serial dilution will cover a range of concentrations over approximately three orders of
magnitude [three logs]) will encompass the full range of responses based on the concentration
response curve generated in the range finder test (see Figure 14-4).

— If the concentration range that would be generated with the 1:2 serial dilution will not encompass
the full range of responses based on the concentration response curve in the range finder test (see
Figure 14-5), an 11-point 1:5 serial dilution should be used instead.

* If a substance exhibits a biphasic concentration response curve in the range finder test (see
Figure 14-6), both phases should also be resolved in comprehensive testing. In this case, two peaks
could potentially be used to identify the top concentration to be used for the 11-point dilution scheme
in comprehensive testing. In order to resolve both curves, the top concentration should be based on
the peak associated with the higher concentration and the top dose one log concentration higher than
the concentration giving the lowest adjusted RLU value in the range finder. An 11-point 1:5 serial
dilution should be used.

Figure 14-2  Antagonist Range Finder (Example 1)
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The solid horizontal line represents the mean minus three times the standard deviation of the E2 control.
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Figure 14-3  Antagonist Range Finder (Example 2)
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The solid horizontal line represents the mean minus three times the standard deviation of the E2 control.

Figure 14-4  Antagonist Range Finder (Example 3)
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The solid horizontal line represents the mean minus three times the standard deviation of the E2 control.
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Figure 14-5  Antagonist Range Finder (Example 4)
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The solid horizontal line represents the mean minus three times the standard deviation of the E2 control.

Figure 14-6  Antagonist Range Finder (example 5)
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The solid horizontal line represents the mean minus three times the standard deviation of the E2 control.
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15.0 Comprehensive Testing

Antagonist comprehensive testing for coded substances consists of 11 point, 1:2 serial dilutions, with
each concentration tested in triplicate wells of the 96-well plate. Figure 15-1 contains a template for the
plate layout to be used in antagonist comprehensive testing.

Figure 15-1  Antagonist Comprehensive Test Plate Layout

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10| TS1-11 | VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10| TS1-11 | VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10| TS1-11 | VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10| TS2-11 | VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10| TS2-11 | Tam

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10| TS2-11 | Tam

Ral-1 Ral-2 Ral-3 Ral-4 Ral-5 Ral-6 Ral-7 Ral-8 Ral-9 E2 E2 Tam

Ral-1 Ral-2 Ral-3 Ral-4 Ral-5 Ral-6 Ral-7 Ral-8 Ral-9 E2 E2 Tam

Note: All reference and test wells contain a fixed concentration of E2 (4.90 x 10" 'M).

Abbreviations: E2 = E2 control; Tam = tamoxifen/E2 weak positive control; VC = vehicle control (DMSO [1% v/v EFM]).
Ral-1 to Ral-9 = concentrations of the raloxifene/E2 reference standard (from high to low)

TS1-1 to TS1-11 = concentrations (from high to low) of test substance 1 (TS1)

TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2 (TS2)

Evaluate whether comprehensive experiments have met acceptance criteria (see Section 13.6.3) and graph
the data as described in the NICEATM Prism® users guide. Then evaluate the test substance results.

15.1  Test Substance Positive and Negative Criteria
Positive Classification:

* All test substances classified as positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline followed by a negative slope.

* The line defining the negative slope must contain at least three points with nonoverlapping error bars.
Points forming the baseline are excluded, but the linear portion of the curve may include the first
point of the plateau.

* A positive classification requires a response amplitude, the difference between baseline and bottom,
of at least 20% of the maximal value for the reference estrogen (i.e., 2000 RLUs when the maximal
response value of the reference estrogen is adjusted to 10,000 RLUs).

* The highest noncytotoxic concentrations of the test substance should be less than or equal to
1 x 10° M (approximately 3.13 x 10° pg/uL).

* Ifpossible, an ICs value should be calculated for each positive substance

Negative Classification:

* Test substances are classified as negative for antagonist activity if all data points are above the ECg,
value (80% of the E2 response, or 8000 RLUs).
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Inadequate Classification:

* Data are classified as inadequate if, because of major qualitative or quantitative limitations, they
cannot be interpreted as valid for showing either the presence or absence of activity.

16.0 Compilation of the Historical Quality Control Database

Historical databases are maintained in order to ensure that the assay is functioning properly. Historical
databases are compiled using Excel spreadsheets and are separate from the spreadsheets used to collect
the data for individual test plates. Reference standard and control data is used to develop and maintain the
historical database and are used as quality controls to determine acceptance of individual test plates.

The sources of data needed to compile the historical database for the E2 control and TAM/E2 control
values are the experiment specific Excel data collection and analysis spreadsheets (see Section 13.5.2)
used for BG1Luc ER TA antagonist testing. The sources of the data needed to compile the historical
database for the DMSO control are the experiment specific Excel data collection and analysis
spreadsheets used for BG1Luc ER TA antagonist and agonist testing (see Section 13.5.2 of the BG1Luc
ER TA antagonist protocol and Section 11.5.2 in the BG1Luc ER TA agonist protocol).

16.1 E2 Control

Open the BG1Luc ER TA antagonist specific historical database Excel spreadsheet
(LUMI_AgandAntQC.xls) and save under a new name using the Excel “Save As” function, adding the
laboratory designator to the file name (e.g., for Laboratory H, new name = HLUMI_Agand AntQC xls).
Open the E2 Control worksheet and enter the date and experiment name into worksheet columns A and B
respectively. Enter the experimental mean adjusted E2 control value (from cell D37 in the ER Antagonist
Report worksheet of the Excel® data collection and analysis spreadsheet) into the Antagonist E2 control
worksheet, column C. Acceptance or rejection of plate E2 control data for comprehensive testing is based
on whether the mean plate E2 RLU value falls within 2.5 times the standard deviation of the E2 value in
the historical database (columns G and H in the E2 Control worksheet).

16.2 DMSO

Open the combined agonist and antagonist BG1Luc ER TA historical database Excel® spreadsheet
(LUMI_AgandAntQC.xIs) and save under a new name using the Excel® “Save As” function, adding the
laboratory designator to the file name (e.g., for Laboratory H, new name = HLUMI Agand AntQC xls).
Enter the date and experiment name into worksheet columns A and B respectively. Enter the experimental
mean DMSO control value (from cell H37 in the RAW DATA worksheet of the agonist and antagonist
Excel® data collection and analysis spreadsheet) into worksheet column C. Acceptance or rejection of the
plate DMSO control data for range finding and comprehensive testing is based on whether the mean plate
DMSO RLU value falls within 2.5 times the standard deviation of the DMSO value in the historical
database (columns G and H in the DMSO worksheet).

17.0 Quality Testing of Materials

All information pertaining to the preparation and testing of media, media supplements, and other
materials should be recorded in the Study Notebook.
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17.1 Tissue Culture Media

Each lot of tissue culture medium must be tested in a single growth flask of cells before use in ongoing
tissue culture or experimentation (note: each bottle within a given lot of charcoal/dextran treated FBS
must be tested separately).

1. Every new lot of media (RPMI and DMEM) and media components (FBS, charcoal/dextran treated
FBS, and L-glutamine) must first be tested on the BG1Luc ER TA prior to being used in any GLP
acceptable assays.

2. Add 4 pL of DMSO (previously tested) into four separate 13 mm tubes.

3. Add 400 mL media (to be tested) to 13 mm tube.

4. Dose an experimental plate as in Section 12.0, treating the media being tested as a test substance.

5. Analyze 96-well plate as described in Section 12.0, comparing the data from the DMSO controls
made using previously tested tissue culture media to the new media being tested.

6. Use the agonist historical database to determine if the new media with DMSO lies within 2.5 standard
deviations of the mean for the media. If the RLU values for the new media with DMSO lie within 2.5
standard deviations of the DMSO mean from the historical database, the new lot of media is
acceptable. If the RLU values for the new media with DMSO do not lie within 2.5 standard deviations
of the DMSO mean from the historical database, the new lot may not be used in the assay.

7. Note date and lot number in study notebook.

8. If the new bottle passes quality testing as described in Section 15.1 step 6, apply the media to a single
flask cells and observe the cells growth and morphology over the following 2 to 3 days. If there is no
change in growth or morphology, the new media is acceptable for use.

17.2 G418

1. New lots of G418 must first be tested on the BG1Luc ER TA prior to being used in any GLP
acceptable assays.

2. Add 220 pL of G418 (previously tested) to a single flask containing cells growing in RPMI.

3. Add 220 pL of G418 (to be tested) to a different flask containing cells growing in RPMI.

4. Observe cellular growth and morphology in both tissue culture flasks over a 48 to 72 hour period. If
there are no differences in observed growth rate and morphology between the two flasks, the new
G418 lot is acceptable.

5. If cellular growth is decreased, or the cells exhibit abnormal morphology, the new lot of G418 is not
acceptable.

6. Note date and lot number in study book.

17.3 DMSO

1. Every new bottle of DMSO must be tested on the BG1Luc ER TA prior to use in any GLP acceptable
assays.

2. Add 4 pL of DMSO (to be tested) into four separate 13 mm tubes.

Add 400 mL media (previously tested) the same tubes.
4. Dose an experimental plate as in Section 15.0, treating the media being tested as a test substance.
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5. Analyze 96-well plate as described in Section 15.0, comparing the data from the DMSO controls
made using previously tested tissue culture media to the new media being tested.

6. Use the agonist historical database to determine if media with new DMSO lies within 2.5 standard
deviations of the DMSO mean from historical database. If the RLU values for the media with new
DMSO lie within 2.5 standard deviations of the DMSO mean from the historical database, the new lot
of DMSO is acceptable. If the RLU values for media with new DMSO do not lie within 2.5 standard
deviations of the DMSO mean from historical database, the new lot may not be used in the assay.

7. Note the date, lot number, and bottle number in study book.

8. Ifno DMSO has been previously tested, test several bottles as described in Section 15.3, and
determine whether any of the bottles of DMSO have a higher average RLU than the other bottle(s)
tested. Use the DMSO with the lowest average RLU for official experiments.

17.4  Plastic Tissue Culture Materials

1. Grow one set of cells, plate them for experiments on plastic ware from the new lot and one set of cells
in the plastic ware from a previous lot, and dose them with E2 reference standard and controls.

2. Perform the BG1Luc ER TA experiment with both sets of cells.

3. Ifall of the analysis falls within acceptable QC criteria, then the new manufacturer’s products may be
used.
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Preface

Endocrine-active compounds (EACs) are both naturally occurring and synthetic substances. Some
may, depending on the dose, interfere with the normal function of hormones in the endocrine system.
In response to growing concerns about possible adverse health effects in humans exposed to such
substances, sometimes referred to as endocrine disruptors (EDs), the U.S. Congress enacted relevant
provisions in the Food Quality Protection Act of 1996 (7 U.S.C. 136) and the 1996 Amendments to
the Safe Drinking Water Act (110 Stat 1613). In 1998, the U.S. Environmental Protection Agency
(EPA) established the Endocrine Disruptor Screening Program (EDSP), a screening and testing
program to identify substances with endocrine-disrupting activity.

In 2000, the EPA requested that the National Toxicology Program (NTP) Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM) and the Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM) review the validation status of four
types of test methods:

* Estrogen receptor (ER) binding test methods

* Androgen receptor (AR) binding test methods

* Estrogen receptor transcriptional activation (ER TA) test methods
*  Androgen receptor transcriptional activation (AR TA) test methods

In 2002, NICEATM prepared background review documents (BRDs) that included all available
information on each of the four types of test methods (ICCVAM 2002d, 2002a, 2002¢c, 2002b). In a
public meeting, an independent international expert panel (Panel) reviewed the 137 individual assays
identified in the BRDs and concluded that there were no adequately validated in vitro ER- or AR-
based test methods.

In 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated their LUMI-CELL® ER
test method (BG1Luc ER TA test method) to ICCVAM for an interlaboratory validation study. This
in vitro test method uses BG-1 cells, a human ovarian carcinoma cell line that is stably transfected
with an estrogen-responsive luciferase reporter gene, to measure whether and to what extent a
substance induces or inhibits TA activity via ER-mediated pathways. ICCVAM considered the
nomination a high priority. NICEATM subsequently coordinated an international validation study for
the BG1Luc ER TA test method. Scientists from the European Centre for the Validation of
Alternative Methods (ECVAM) and the Japanese Center for the Validation of Alternative Methods
(JaCVAM) served as liaisons to the ICCVAM Interagency Endocrine Disruptor Working Group
(EDWG).

Following completion of the validation study, NICEATM, ICCVAM, and the EDWG prepared (1) a
draft BRD that detailed the results of the validation study and described the validation status of the
BG1Luc ER TA test method and (2) draft test method recommendations for usefulness and
limitations, standardized protocols, future studies, and performance standards. ICCVAM released
these documents to the public for comment prior to a meeting of an independent international
scientific peer review panel (Panel). The Panel met in public session on March 29-30, 2011, and later
prepared a report summarizing its conclusions and recommendations (ICCVAM 2011). The Panel
report was provided to the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM) along with the draft BRD, draft test method recommendations, and all public comments.
A detailed timeline of the evaluation is included with this report.

ICCVAM solicited and considered public comments and stakeholder involvement throughout the test
method evaluation process. ICCVAM considered the SACATM comments, the conclusions of the
Panel, and all public comments before finalizing the ICCVAM test method recommendations. The
recommendations and performance standards are incorporated in this ICCVAM test method
evaluation report, and the BRD is provided as an appendix.
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This test method evaluation report provides ICCVAM'’s recommendations regarding the usefulness
and limitations of the BG1Luc ER TA test method for identifying potential agonist or antagonist
substances that might interfere with normal estrogen activity. The report also summarizes the
validation status of the BG1Luc ER TA test method and provides the ICCVAM-recommended
protocols, future studies, and performance standards. As required by the ICCVAM Authorization Act
(42 U.S.C. 2851-3), ICCVAM will forward its recommendations to U.S. Federal agencies for their
consideration. Federal agencies must respond to ICCVAM within 180 days after receiving the
ICCVAM test method recommendations. The ICCVAM report and recommendations are available to
the public on the NICEATM-ICCVAM website (http://iccvam.niehs.nih.gov/). Agency responses
will be made available on the website as they are received.

We gratefully acknowledge the organizations and scientists who generated and provided data and
information for this document, including the staff at the participating validation laboratories: XDS,
Inc.; Hiyoshi Corporation; and the In Vitro Methods Unit at ECVAM. We especially recognize the
Panel members for their thoughtful evaluations and generous contributions of time and effort. Special
thanks are extended to Dr. John Vandenbergh for serving as the Panel Chair and to Drs. Christopher
Borgert, William Kelce, Steven Levine, and Ellen Mihaich for their service as Evaluation Group
Chairs for the Panel. We thank the EDWG for assuring a meaningful and comprehensive review,
especially Dr. David Hattan (U.S. Food and Drug Administration Center for Food Safety and
Nutrition) for serving as Chair of the EDWG. Integrated Laboratory Systems, Inc., the NICEATM
support contractor, provided excellent scientific support, for which we thank Drs. David Allen, Jon
Hamm, and Steven Morefield; Patricia Ceger; Frank Deal (until March 2011); Linda Litchfield;
Michael Paris; Catherine Sprankle; and Linda Wilson. We thank Drs. Susanne Bremer and Elise
Grignard, the EDWG liaisons from ECVAM, and Drs. Hajime Kojima and Atsushi Ono, the EDWG
liaisons from JaCVAM, for their participation and support. Finally, we thank Dr. Warren Casey for
leading the analysis of the validation study results and coordinating the ICCVAM test method
evaluation.

RADM William S. Stokes, DVM, DACLAM

Rear Admiral/Assistant Surgeon General, U.S. Public Health Service
Director, NICEATM

Executive Director, ICCVAM

Jodie A. Kulpa-Eddy, DVM
VS-NCIE-Agricultural Select Agent Program
U.S. Department of Agriculture

Chair, ICCVAM
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Executive Summary

Background

In April 2000, the U.S. Environmental Protection Agency (EPA) nominated four types of in vitro test
methods for detecting substances with potential to interfere with the normal function of hormones in
the endocrine system (i.e., endocrine disruptors [EDs]) for review by the Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM). ICCVAM then recommended that
these methods undergo independent scientific peer review based on their potential interagency
applicability and public health significance. The National Toxicology Program Interagency Center for
the Evaluation of Alternative Toxicological Methods (NICEATM) compiled available data and
information on the four types of in vitro test methods: estrogen receptor (ER) binding, androgen
receptor (AR) binding, ER transcriptional activation (TA), and AR TA test methods. ICCVAM, the
ICCVAM Interagency Endocrine Disruptor Working Group (EDWG), and NICEATM prepared four
background review documents (BRDs) that detailed the available data and information needed to
evaluate the current validation status of each of the four types of test methods (ICCVAM 2002d,
2002a, 2002¢, 2002b).

In collaboration with ICCVAM and the EDWG, NICEATM organized an independent evaluation of
these in vitro test methods. ICCVAM considered the international panel’s conclusions and
recommendations, as well as public comments. ICCVAM then developed test method
recommendations that included minimum procedural standards and a list of 78 reference substances
that should be used to standardize and validate in vitro ER and AR binding and TA test methods
(ICCVAM 2003a).

In January 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated their LUMI-
CELL®BGI1Luc4E2 ER TA test method (hereafter BG1Luc ER TA test method) for an
interlaboratory validation study. This method uses BG-1 cells (a human ovarian adenocarcinoma cell
line) that are stably transfected with an estrogen-responsive luminescence (luciferase reporter) gene to
measure whether and how much a substance induces (agonist) or inhibits (antagonist) TA activity via
ER-mediated pathways (Rogers and Denison 2000; Rogers and Denison 2002). XDS included test
results for 56 of the 78 ICCVAM reference substances for agonist activity and 6 of the 78 ICCVAM
reference substances for antagonist activity. These studies were funded primarily by a Small Business
Innovation Research grant (SBIR43ES010533-01) from the National Institute of Environmental
Health Sciences (NIEHS).

ICCVAM considered the BG1Luc ER TA test method to be a high priority for interlaboratory
validation studies, and the NIEHS agreed to support the effort. NICEATM led and coordinated an
international interlaboratory validation study with its counterparts at the European Centre for the
Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of
Alternative Methods. The BG1Luc ER TA test method was evaluated in four phases, during which
the 78 ICCVAM-recommended substances were tested at laboratories in the United States (XDS),
Europe (ECVAM), and Japan (Hiyoshi Corporation).

NICEATM, in conjunction with the EDWG, prepared this BRD, which summarizes the available data
and information regarding the current validation status of the BG1Luc ER TA test method.

BG1Luc ER TA Test Method Protocol

The BG1Luc ER TA test method uses an ER-responsive luminescence (luciferase reporter) gene (/uc)
in the human ovarian adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or
antagonist activity. To help define the upper limit for test substance concentrations, scores for cell
viability are assigned using visual observation of numbers (density) and shapes (morphology) of cells.
ER-mediated transcription of the Juc gene produces the luminescence enzyme luciferase, which
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catalyzes the production of light from luciferin. The light is measured using a luminometer. In
accordance with earlier [ICCVAM recommendations, 17f3-estradiol (E2) is used as the estrogen
reference standard for agonist tests, and raloxifene is used as the anti-estrogenic reference standard
for antagonist tests to demonstrate the adequacy of the BG1Luc ER TA test method. To provide
qualitative and quantitative information regarding the in vitro estrogenic activity of a test substance, a
concentration—response curve is established. To determine if a test substance is positive or negative
for ER agonism or antagonism, criteria associated with the concentration—response curve are used.
The advantages of using a luciferase reporter gene system are low background, high sensitivity,
speed, and a wide dynamic range.

Substances Used in the Validation Study

To assess the performance of four different test methods (ER TA and AR TA agonist and antagonist
assays), ICCVAM developed a list of 78 recommended reference substances based on a review of the
literature. Only those substances that could be definitively classified as positive or negative for ER
TA activity (48 unique substances) were used to assess overall accuracy of the test method. Separate
lists were generated to evaluate accuracy of the test methods for activities of agonists (42 substances:
33 positive, 9 negative) and antagonists (25 substances: 3 positive, 22 negative).

BG1Luc ER TA Test Method Accuracy

The BG1Luc ER TA test method was evaluated for its ability to correctly identify ER agonists and
antagonists. The BG1Luc ER TA test method was evaluated for accuracy based on a number of
analyses, but the primary evaluation was based on two comparisons: (1) the extent to which the
BGI1Luc ER TA result corresponded to the ICCVAM reference classification for each substance and
(2) the accuracy of the BG1Luc ER TA test method compared with the CERI-STTA (Chemicals
Evaluation and Research Institute Stably Transfected Human Estrogen Receptor-a Transcriptional
Activation) assay (OECD 2009)." The positive or negative classification of the BG1Luc ER TA test
result for individual substances was assigned based on the majority result from the three participating
laboratories (XDS, ECVAM, and Hiyoshi).

Of the 42 substances used to evaluate agonist accuracy, 17% (7/42) had “inadequate” testing results
in the BG1Luc ER TA test method and were therefore excluded from the analysis. The remaining
35 substances (28 positive, 7 negative) were used for evaluation. The BG1Luc ER TA test method
produced the following results compared to the reference classifications for these 35 substances:
concordance of 97% (34/35), sensitivity of 96% (27/28), specificity of 100% (7/7), a false positive
rate of 0% (0/7), and a false negative rate of 4% (1/28).

The CERI-STTA assay is the only in vitro ER TA test method currently accepted by U.S. regulatory
agencies for ER agonist testing. (No ER antagonist test methods are currently accepted by U.S.
regulatory agencies.) BG1Luc ER TA and CERI-STTA data show identical levels of accuracy when
the same 26 agonist reference chemicals were tested: concordance of 96% (25/26), sensitivity of 95%
(21/22), specificity of 100% (4/4), a false positive rate of 0% (0/4), and a false negative rate of 5%
(1/22).

All 25 of the antagonist reference substances produced definitive results in the BG1Luc ER TA test
method and yielded an overall concordance of 100% (25/25), sensitivity of 100% (3/3), specificity of
100% (22/22), a false positive rate of 0% (0/22), and a false negative rate of 0% (0/3).

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative assessment
of estrogenic/anti-estrogenic activity, quantitative measures of activity (i.e., half-maximal effective
[ECso] and half-maximal inhibitory concentration [ICso] values) are usually obtained for positive

! The CERI-STTA assay (OECD 2009) uses the hERa-HeLa-9903 human cervical cancer cell line to detect estrogenic
agonist activity mediated through human estrogen receptor alpha (hERa).
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results. ECsy and I1Cso values obtained from BG1Luc ER TA test results were highly correlated with
median values from other ER TA test methods reported in the literature. BG1Luc ER TA test results
also showed 97% (33/34) concordance with the ICCVAM reference classifications. The only
discordant substance was positive in the BG1Luc ER TA test method and negative based on ER
binding data. Similarly, BG1Luc ER TA agonist test results showed 92% (12/13) concordance with
available data from the in vivo uterotrophic assay. The only discordant substance was positive in the
BGI1Luc ER TA test method and negative based on uterotrophic data.

BG1Luc ER TA Test Method Reliability

Intralaboratory Reproducibility

Intralaboratory reproducibility (whether multiple tests of the same substance at a single laboratory
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was assessed by
comparing reference standard and control results for all plates tested within each laboratory during
the course of the validation study.

In the agonist test method, mean induction in each laboratory ranged from 4.6 to 7.8 fold, and E2
reference standard ECs, values ranged from 8.0 x 10"*to 1.1 x 10" M. In the antagonist test method,
mean reduction ranged from 8.0 to 9.9 fold, and raloxifene reference standard ICs, values ranged
from 1.1 x 10” to 1.3 x 10” M.

Intralaboratory reproducibility for positive or negative classification was determined for each of the
12 substances that were tested at least three times for agonist and antagonist activity during Phase 2 at
each of the three laboratories. There was 100% agreement within each laboratory for each of the three
repeat tests, for both agonists and antagonists, although the classifications for some of the test
substances differed among the different laboratories.

Interlaboratory Reproducibility

Interlaboratory reproducibility (whether tests of a single substance run at different laboratories
produce the same results) was determined using results from Phase 2 testing, during which

12 substances were tested in at least three independent experiments for agonist and antagonist activity
in each of the three laboratories. The three laboratories had 67% agreement (8/12) for agonist activity
and 100% agreement (12/12) for antagonist activity.

Interlaboratory reproducibility was also determined for 41 substances that were tested once for
agonist and antagonist activity during Phase 3 testing at each of the three laboratories. Five of the

41 substances produced inadequate results for agonist activity and could not be considered in the
evaluation. Among the 36 remaining substances that produced a definitive test result in at least two
laboratories, there was 100% agreement. All 41 substances produced definitive results for antagonist
activity. The three laboratories agreed on 93% (38/41) of these substances.

Animal Welfare Considerations

The BG1Luc ER TA test method may be applicable for addressing the ER TA component of the U.S.
EPA Endocrine Disruptor Screening Program (EDSP) Tier 1 screening battery. Although the EDSP
currently includes an in vitro ER TA test method for ER agonist testing (i.e., the CERI-STTA
method), currently no in vitro test methods are accepted for ER antagonist testing. Therefore, the
BG1Luc ER TA test method provides an opportunity to reduce animal use in ED testing by
identifying both ER agonist and antagonist substances. This information can be used as part of a
weight-of-evidence approach to prioritize substances for additional investigation of ED activity in test
methods that require animals.

Regulators currently use the following three in vivo methods to assess the estrogenic potential of
substances: rat uterotrophic assay, rat pubertal female assay, and fish short-term reproduction assay.
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An additional test, the “in vitro” rat uterine cytosol ER binding assay, also requires the use of animals
as a source of ER. Although the BG1Luc ER TA test method is not proposed as a direct replacement
for any of these existing methods, it could be incorporated as part of a weight-of-evidence approach
to reduce or eliminate the need to use animals for identifying substances with potential estrogenic or
anti-estrogenic activity.

Test Method Transferability

Transferability of the BG1Luc ER TA test method was demonstrated based on results of the
interlaboratory validation study detailed above. The primary practical considerations associated with
the BG1Luc ER TA test method are the availability of the requisite cell line and the standard
laboratory equipment necessary to conduct sterile cell culture procedures. The BG1Luc4E2 cell line
is available upon request from Dr. Michael S. Denison, Department of Environmental Toxicology,
University of California, Davis. The level of training, expertise, and time needed to conduct the
BGI1Luc ER TA test method should be similar to that needed for the currently accepted CERI-STTA
method.

ICCVAM Test Method Recommendations

ICCVAM considered the data and analysis provided in this BRD and developed recommendations on
the usefulness and limitations of the BG1Luc ER TA test method as a screening test to identify
substances with ER agonist and antagonist activity. ICCVAM also developed recommendations for a
standardized test method protocol, proposed future studies, and performance standards.
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1.0 Introduction

1.1 Objective

The objective of this validation study was to assess the accuracy and reliability of the BG1Luc4E2
estrogen receptor (ER) transcriptional activation (TA) test method (hereafter BG1Luc ER TA test
method) for the qualitative detection of substances with ER agonist or antagonist activity.

1.2 Public Health Perspective

Endocrine disruptors (EDs) interfere with the function of hormones in the endocrine system, which
can lead to abnormal growth, development, or reproduction (Ankley et al. 1998; Baker 2001; Brown
et al. 2001; Combes 2000; Greim 2004; Kavlock 1999). Potential EDs are widespread in our
environment and include both synthetic (e.g., pesticides, pharmaceuticals, industrial chemicals) and
naturally occurring (e.g., plant products known as phyftoestrogens) substances. A number of studies
have indicated that animal populations exposed to high levels of these substances have an increased
incidence of reproductive and developmental abnormalities (Guillette and Gunderson 2001; Kelly et
al. 2009; Rozman et al. 2006; Segner 2005; Soin and Smagghe 2007; Sormo et al. 2006; Tyler et al.
1998).

Exposure of humans to EDs is also linked to adverse health outcomes such as altered reproduction
and immune function, increased incidence of cancer, and increased incidence of obesity and
associated complications such as cardiovascular disease and type 2 diabetes (Kavlock et al. 2006;
Rozman et al. 2006; Tsai 2006; Whitten and Naftolin 1992; Whitten et al. 1992; Whitten et al. 1995;
Whitten and Naftolin 1998; Whitten and Patisaul 2001). In light of the growing concern surrounding
this important issue, the accurate and timely identification of potential EDs by the BG1Luc ER TA
test method is an important aspect of protecting public health.

1.3 Historical Background

The Federal Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.); the Food Quality Protection Act
(7 U.S.C. 136); and the Safe Drinking Water Act (110 Stat 1613) all aim to identify potential
endocrine disruptors and thereby protect humans and animals. The U.S. Environmental Protection
Agency (EPA) was specifically required to “develop a screening program, using appropriate validated
test systems and other scientifically relevant information, to determine whether certain substances
may have an effect in humans that is similar to an effect produced by a naturally occurring estrogen,
or such other endocrine effect as the Administrator may designate” (21 U.S.C. 346a[p][1]). In 1996,
the EPA formed the Endocrine Disruptor Screening and Testing Advisory Committee (EDSTAC).
This committee of scientists and stakeholders was charged by the EPA to provide recommendations
on how to implement the EPA’s Endocrine Disruptor Screening Program (EDSP).

In 1998, EDSTAC proposed a two-tier screening program (63 FR 71542), and the EPA accepted the
recommendation. Tier 1 consists of in vivo and in vitro test methods. Its purpose is to identify the
potential of chemicals to interact with the estrogen, androgen, or thyroid hormonal systems. A
negative result in Tier 1 can signify minimal potential to cause endocrine disruption. A positive result
necessitates further testing using in vivo methods in Tier 2. The purpose of Tier 2 is to more
definitively identify and characterize the potential hazard to the endocrine system. Results from Tier 2
testing can also be used in required risk assessment to further evaluate the potential for adverse health
effects from exposure to the chemicals. The EPA describes the EDSP in detail on their website at
http://www.epa.gov/scipoly/oscpendo/.
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In April 2000, the EPA nominated four types of in vitro test methods for review by the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM):

* Estrogen receptor (ER) binding test methods

* Androgen receptor (AR) binding test methods

* Estrogen receptor transcriptional activation (ER TA) test methods
* Androgen receptor transcriptional activation (AR TA) test methods

These types of test methods detect substances that may cause endocrine disruption (Combes 2000). In
2001, ICCVAM recommended that these test methods should undergo independent scientific peer
review based on their potential interagency applicability and public health significance. In response,
the National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM) compiled four separate comprehensive background review documents (BRDs)
that included all available information on each of the four types of test methods (ICCVAM 2002d,
2002a, 2002c, 2002b).

In 2001, NICEATM collaborated with [ICCVAM and the ICCVAM Interagency Endocrine Disruptor
Working Group (EDWG) to organize an independent international peer review panel (Panel) meeting
to assess the suitability of the 137 individual in vitro test methods identified in the BRDs. The Panel
reviewed the information and draft ICCVAM recommendations and concluded that there were no
adequately validated in vitro ER- or AR-based test methods. The Panel detailed their conclusions and
recommendations in a final report ICCVAM 2002¢).

ICCVAM considered the Panel’s conclusions and recommendations and all comments received.”
ICCVAM then published test method recommendations for minimum essential test method
components, along with a list of 78 ICCVAM reference substances that should be used to standardize
and validate in vifro ER and AR binding and TA test methods (ICCVAM 2003a, 2006). Based on the
lack of adequately validated test methods, coupled with the public health issues identified above,
ICCVAM and the Scientific Advisory Committee on Alternative Toxicological Methods (SACATM)
recommended the validation of in vitro endocrine disruptor screening methods as a high-priority
activity (69 FR 54298).

1.4 Nomination and Pre-Screen Evaluation of the BG1Luc4E2 ER TA Test Method

In January 2004, Xenobiotic Detection Systems, Inc. (XDS), nominated the LUMI-CELL® BG1Luc
ER TA test method for an interlaboratory validation study (Annex A). This method uses BG-1 cells, a
human ovarian carcinoma cell line that is stably transfected with an estrogen-responsive luciferase
reporter gene, to measure whether and to what extent a substance induces or inhibits TA activity via
ER-mediated pathways (Rogers and Denison 2000; Rogers and Denison 2002). The nomination
package included test results from XDS for 56 of the 78 ICCVAM reference substances for agonist
activity and 16 of the 78 ICCVAM reference substances for antagonist activity. These studies were
funded primarily by a Small Business Innovation Research (SBIR) grant (SBIR43ES010533-01) from
the National Institute of Environmental Health Sciences (NIEHS).

In accordance with the ICCVAM nomination process (ICCVAM 2003b), NICEATM conducted a
pre-screen evaluation of the nomination package (Annex B) to determine (1) the extent to which it
addressed the ICCVAM prioritization criteria (Section 1.5) and (2) how well it adhered to the
ICCVAM recommendations for the standardization and validation of in vitro endocrine disruptor test
methods (ICCVAM 2003b). Based on this evaluation, [ICCVAM recommended the following:

2 Text of comments available at http://ntp-apps.nichs.nih.gov/iccvampb/searchPubCom.cfm?ftitle=02-26733.
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* The BG1Luc ER TA test method should be considered a high priority for interlaboratory
validation studies as an in vitro test method to detect test substances with ER agonist and
antagonist activity.

* Validation studies should include coordination and collaboration with the European Centre for the
Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of
Alternative Methods (JaCVAM). Studies should include one laboratory in each of the three
respective geographic regions (United States, Europe, Japan).

* In preparation for the interlaboratory validation study, XDS should conduct protocol
standardization studies with an emphasis on filling data gaps in the antagonist protocol for the
BG1Luc ER TA test method.

The mission of the National Toxicology Program (NTP) includes the development and validation of
improved testing methods. As one of three NTP agencies, the NIEHS agreed to support the validation
study.

1.5 Basis for High Priority for Validation Studies

NICEATM performs preliminary evaluations of all test method submissions and nominations and
summarizes the extent to which the test methods meet the five ICCVAM prioritization criteria
(ICCVAM 2003b). As noted in Section 1.4, ICCVAM assigned a high priority to conducting an
interlaboratory validation study for the BG1Luc ER TA test method. This section details the rationale
for this prioritization and summarizes more-recent national and international developments that
further emphasize the need to develop and validate in vitro ER TA test methods like the BG1Luc ER
TA test method.

1.5.1 Criterion 1

In keeping with ICCVAM’s prioritization criteria, NICEATM evaluates and summarizes the extent to
which test methods are applicable to (1) regulatory testing needs and (2) multiple agencies/programs
(ICCVAM 2003b).

The EPA EDSP Tier 1 screening battery currently includes an ER TA test method, OPPTS 890.1300:
Estrogen Receptor Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009). The
screening battery also provides for the use of other scientifically valid methods. Therefore, the
BG1Luc ER TA test method may be applicable for addressing the ER TA component of the EPA
EDSP Tier 1 screening battery.

The NTP conducted the major health review of bisphenol A (BPA) that prompted widespread
reconsideration of its use by industry and the introduction of such alternative products as the BPA-
free water bottle. Over the past decade, the NIEHS has made a substantial investment in research that
focuses on endocrine disruptors. Endocrine disruption continues to be a focal point in NIEHS studies
of commercial products that are in wide use, such as flame retardants and pesticides.

The high-throughput evaluation of chemicals, which allows rapid screening of many substances, is an
important aspect of many research and testing programs within government and industry. The
BG1Luc ER TA test method is currently being evaluated by the National Institutes of Health (NIH)
Chemical Genomics Center (NCGC) for its adaptability to a high-throughput screening format, which
could be used to support high-throughput screening and testing programs.

In response to requests by the U.S. House of Representatives and Senate Appropriations Committee,
NICEATM and ICCVAM published a Five-Year Plan to do the following:

* Research, develop, translate, and validate new and revised non-animal and other alternative
assays for integration of relevant and reliable methods into Federal agency testing programs
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* Identify areas of high priority for new and revised non-animal and alternative assays or batteries
of those assays to create a path forward for the reduction, replacement, and refinement of animal
tests when this is scientifically valid and appropriate ICCVAM 2008; Poland et al. 2008; Stokes
and Wind 2009)

The evaluation of test methods for identifying endocrine-disrupting chemicals was identified as one
of the priority activities for NICEATM-ICCVAM.

The Organisation for Economic Co-operation and Development (OECD) has also made a substantial
investment in research focusing on endocrine disruptors. In June 2002, the OECD Task Force on
Endocrine Disrupters Testing and Assessment (EDTA) developed a conceptual framework for the
testing and assessment of potential endocrine-disrupting substances (Gelbke et al. 2004; Hass et al.
2004; OECD 2002a). Several international efforts are underway that include using weight-of-
evidence approaches to assess the endocrine-disrupting potential of commercial chemicals, as
described in the conceptual framework. The following are prominent examples:

* European Commission Registration, Evaluation, Authorisation and Restriction of Chemicals
[REACH] Regulation (EC) 1907/2006 and Directive 2006/121/EC corrigendum

e European Economic Community (EEC) Cosmetics Directive 76/768/EEC

* EEC Plant Protection Products Directive 91/414/EEC

¢ Japanese Extended Tasks on Endocrine Disruption [EXTEND 2010] program

The BG1Luc ER TA test method could be used as part of a weight-of-evidence approach in such
programs.

It should be noted that individual U.S. and international agencies and programs must sanction the
adoption of any test method. Discussion of the potential applicability of the BG1Luc ER TA test
method in this BRD does not imply acceptance or adoption by any agency or program.

1.5.2 Criterion 2

ICCVAM’s second prioritization criterion gauges the extent to which proposed test methods are
warranted based on (1) the extent of expected use or application and (2) the impact on human, animal,
or ecological health (ICCVAM 2003Db).

Endocrine disruptors appear in a variety of products, including drugs (e.g., diethylstilbesterol), natural
chemicals (e.g., genistein), and industrial chemicals (e.g., bisphenol A). Because of their ubiquitous
uses, EDs are widespread in the environment. The association between exposure to EDs and adverse
health effects in human and wildlife populations has led to worldwide concern. Health effects that
have led to this concern include the following:

* Global increases in endometriosis and hormone-responsive cancers (e.g., testicular and breast
cancers)

¢ Regional declines in sperm counts

* Increased prevalence of obesity

* Alterations to the onset of puberty

* Increases in altered sex ratios in wildlife populations (IPCS 2002; Latendresse et al. 2009;
Newbold 2008; Newbold et al. 2008; Newbold et al. 2009; Newbold 2010; vom Saal et al. 2007)

Knowledge of these potential effects may reduce use of endocrine-disrupting chemicals, thereby
decreasing the prevalence of associated reproductive and developmental issues. Several national and
international programs are working to identify chemicals with endocrine-disrupting potential

(Section 1.5.1), and the BG1Luc ER TA test method may be applicable to these programs. Depending
on how it is used, an appropriate screen such as the BG1Luc ER TA test method may limit human
and ecological exposure to EDs by identifying which chemicals are potential endocrine disruptors.
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1.5.3 Criterion 3

As part of [ICCVAM’s third criterion, NICEATM evaluates the potential for the test method to
reduce, refine, or replace animal use compared to current test methods accepted by regulatory
agencies (ICCVAM 2003b).

The BG1Luc ER TA test method does not directly reduce, refine, or replace animal use compared to
the current in vitro OPPTS 890.1300 test method (EPA 2009). To assess the estrogenic potential of
substances, regulators commonly use the following three in vivo test methods: (1) rat uterotrophic
assay, (2) rat pubertal female assay, and (3) fish short-term reproduction assay. In addition, animals
must be used in the “in vitro” rat uterine cytosol ER binding assay as sources of ER. Although the
BG1Luc ER TA test method will not directly replace any of these existing methods, it could be
incorporated as part of a weight-of-evidence approach to reduce or eliminate the need for testing in
these animal models.

1.5.4 Criterion 4

ICCVAM prioritizes proposed test methods for review and evaluation based upon their potential to
better predict adverse health or environmental effects compared to current test methods accepted by
regulatory agencies (ICCVAM 2003b).

When the BG1Luc ER TA validation study was initiated, no in vitro ER TA test methods were
considered adequately valid for regulatory use. Today, only one in vitro ER TA test method is
considered adequately validated by national and international agencies: the OECD Stably Transfected
Human Estrogen Receptor-a Transcriptional Activation (STTA) Assay for the Detection of
Estrogenic Agonist-Activity, described in OECD Chemicals Test Guideline (TG) 455 (OECD 2009).
This method has been adopted by the EPA as part of the EDSP Tier 1 screening battery as OPPTS
890.1300 (EPA 2009).

The ER TA test method described in TG 455 uses HeLa-9903 cells, a human cervical carcinoma cell
line in which human ERa and a reporter gene have been stably transfected. HeLa-9903 cells do not
express endogenous ERa or ER(3. The BG1Luc ER TA test method may improve prediction of
adverse health effects in humans because it uses a human cell line (BG-1) that endogenously
expresses both ERa and ERp (Park et al. 2009; Pujol et al. 1998; Rogers and Denison 2000; Zhou et
al. 2005). BG-1 cells also express cofactors that may not be present in cells that do not express
estrogen receptors (Marsaud et al. 2003; Shang et al. 2000; Webb et al. 1995).

The biological significance of two ER subtypes is still being explored, but there is mounting evidence
for a role of ERf in a number of normal and abnormal physiologic processes (Brown et al. 2009;
Foryst-Ludwig and Kintscher 2010; Harris 2007; Hayashi et al. 2003; Skliris et al. 2008; Weiser et al.
2008). Although there are presently no known naturally occurring ER-specific substances, it is
known that a number of substance types (e.g., isoflavones) are ERf selective (Chrzan and Bradford
2007; Escande et al. 2006; Kuiper et al. 1998; Mohler et al. 2010), with more potent responses
through ERp than through ERa (Chrzan and Bradford 2007; Kuiper et al. 1998). The BG1Luc ER TA
test method, using cells that express both ERa and ERf, allows for the potential detection of a wider
range of substances than test methods that use cells expressing only the ERa. receptor.

The BG1Luc ER TA test method also differs from the STTA assay in its ability to identify substances
that possess ER antagonist activity. This is important because ER antagonists have a number of
potential clinical uses, such as the treatment of osteoporosis and breast cancers (Ball et al. 2009;
Bowers et al. 2000; Komm et al. 2005; Mohler et al. 2010). In addition, there is concern that any
environmental anti-estrogens could have a detrimental influence on development and reproductive
capacity of wildlife (Chamness et al. 1979; Fry and Toone 1981; Jones and Hajek 1995; Morris et al.
1967).
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1.5.5 Criterion 5

Preliminary evaluations also summarize the extent to which a test method provides other advantages
(e.g., reduced cost and time to perform) compared to current methods (ICCVAM 2003b).

The BG1Luc ER TA test method is a rapid in vitro method that can identify ER agonists and
antagonists within approximately four days at a cost of a few thousand dollars per substance

(Section 10.3). The test method also provides concentration—response activity and information on the
potency of a substance relative to a reference estrogen or anti-estrogen. /n vivo methods require 30 to
60 days for completion and may cost many thousands of dollars (Section 10.3). The BG1Luc ER TA
test method, used as a potential screen, may lead to cost and time savings compared to an in vivo test
and could alleviate the ethical concerns raised by the use of animals. In contrast, the STTA test
method provides a concentration response and information on the potency of a substance relative to a
reference estrogen only. The uterotrophic assay provides a concentration response but is not generally
used to determine relative potency.

1.6 BG1Luc ER TA Test Method Protocol Standardization Study

As a result of the high priority of validation studies, NICEATM initiated and managed the ICCV AM-
recommended study to standardize the BG1Luc ER TA test method agonist and antagonist protocols.

The following essential test method components recommended by ICCVAM were incorporated in the
protocols (ICCVAM 2003a):

* Reference estrogen and associated TA response

*  Preparation of test substances and the volume of the administered solvent
* Concentration range of test substances that should be tested

* Solvent and positive controls

*  Number of within-test replicates

* Methods for data analysis

* Experiment acceptance criteria

* Interpretation of results

The agonist and antagonist protocols were then standardized.

NICEATM evaluated the intralaboratory reproducibility and accuracy of the standardized protocols
by testing a representative subset of the ICCVAM reference substances. Results of the protocol
standardization study are provided in Annex C.

1.7 Interlaboratory BG1Luc ER TA Validation Study

NICEATM, which carries out independent validation studies consistent with the NTP mission,
coordinated and led the international validation study with its counterparts in Europe (ECVAM) and
Japan (JaCVAM). In 2009, NICEATM organized a Study Management Team (SMT) to oversee the
scientific aspects of the validation study (Table 1-1). The SMT also directly coordinated the day-to-
day activities of the validation study with the assistance of the NICEATM support contractor.

The BG1Luc ER TA test method was evaluated using laboratories in the United States (XDS),
Europe (ECVAM), and Japan (Hiyoshi Corporation). The study proceeded in four phases

(Figure 1-1). During Phase 1 of the validation, each of the three participating centers ICCVAM,
ECVAM, and JaCVAM) selected validation laboratories. The protocols were reviewed, and the
laboratories demonstrated proficiency with the test method by successfully completing 10 replicate
agonist and 10 replicate antagonist tests. In Phases 2 through 4 (Figure 1-1), the protocols were
evaluated and refined, and 78 ICCVAM reference substances were tested (Section 3.0). Throughout
the study, the SMT and NICEATM interacted to do the following:
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* Ensure that the study adhered to the principles stated in OECD Guidance Document Number 34
for prospective validation studies (OECD 2005)

* Develop a Statement of Work for the laboratories

* Determine timelines and deliverables

* Arrange for purchasing, coding, and distributing test substances to the laboratories

* Collect data from the laboratories and initiate statistical analyses

* Evaluate the reproducibility of results at each phase and refine the protocols, if necessary, before
proceeding to the next phase

*  Guide the study to conclusion and prepare documentation of the study

Table 1-1 Study Management Team for the BG1Luc ER TA Validation Study

Study Management Team Member Affiliation
Dr. William Stokes NIEHS/NICEATM
Dr. Warren Casey NIEHS/NICEATM
Dr. Susanne Bremer ECVAM
Dr. Elise Grignard ECVAM
Dr. Hajime Kojima JaCVAM
Dr. Atsushi Ono JaCVAM
Dr. Soon Young Han KoCVAM
Dr. David Allen ILS/NICEATM
Ms. Patricia Ceger ILS/NICEATM
Mr. Frank Deal (until March 2011) ILS/NICEATM

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; ILS = Integrated Laboratory
Systems, Inc. (contract support staff for NICEATM); JaCVAM = Japanese Center for the Validation of Alternative
Methods; KoCVAM = Korean Center for the Validation of Alternative Methods; NICEATM = National Toxicology
Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological Methods; NIEHS = National Institute
of Environmental Health Sciences.
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Figure 1-1 NICEATM/ECVAM/JaCVAM Validation Study Phases

(PHASE 1: LABORATORY EVALUATION PHASE h

(ALL LABS)

*Demonstrate initial laboratory proficiency, and establish
test plate acceptance criteria for future assays

*Refine protocols as necessary

* Test reference standards and controls in 10 replicate
S (i.e., repeat) tests

( )
PHASE 2: LABORATORY PROFICIENCY PHASE
(ALL LABS)

*Refine protocols and repeat, if necessary, until reproducible
results are achieved

*Test 12 coded chemicals in three replicate (i.e., repeat) tests
each

.

e ™
PHASE 3: LABORATORY TESTING PHASE (ALL
LABS)

*Complete interlaboratory studies in three laboratories using
optimized protocols
*Test each of 41 coded chemicals one time

\.

( )

PHASE 4: ADDITIONAL SUBSTANCES TESTING
PHASE (XDS ONLY)

*Test each of 25 coded chemicals one time

\. J

1.8 Scientific Basis for the BG1Luc ER TA Test Method

The scientific basis of ER TA assays has been reviewed previously (Huet 2000; ICCVAM 2002d;
OECD 2002b). Briefly, in vitro ER TA assays are designed to identify agonist or antagonist
substances that might interfere with estrogen activity in vivo. Unlike receptor binding assays, TA
assays can distinguish between agonist and antagonist activity. /n vitro ER TA assays that are used to
evaluate agonist activity are generally performed by quantifying the induction of a reporter gene
product in response to activation of the ER by the test substance. /n vitro ER TA assays that evaluate
antagonist activity measure the ability of a test substance to inhibit the induction of the reporter gene
product by a reference estrogenic substance.

The interaction of estrogens with the ER in a cell initiates a cascade of events. A number of endpoints
can be used to measure endocrine activity at the cellular level, including receptor binding, cellular
proliferation, and transcriptional activation. Upon ligand binding, the ER undergoes a conformational
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change that allows dissociation of co-repressor proteins and the recruitment of co-activator proteins.
In vitro binding assays such as the rat uterine cytosol binding assay measure the ability of a test
substance to displace estradiol from the ER. The ligand-bound ER complex dimerizes and binds to an
estrogen response element (ERE) located upstream of genes under estrogen control. Binding alters the
transcription of estrogen-controlled genes, which leads to the initiation or inhibition of cellular
processes, including those necessary for cell proliferation, normal fetal development, and adult
homeostasis.

Transcriptional activation assays have several advantages over binding assays, including the
following:

* Performance at physiologically relevant temperatures

* Measurement of biological response to receptor binding (i.e., RNA transcription and translation)

* The ability to distinguish between an agonist and an antagonist

* Detection of substances that initiate a transcriptional response in an indirect manner (Hall et al.
2001; Tremblay et al. 1999)

The BG1Luc ER TA test method is a transcriptional activation assay that uses a human cell line
(BG-1) that endogenously expresses both ERa and ERP. An ERE that is coupled to a luciferase
reporter gene has been stably transfected into BG1 cells. Stable transfection is desirable for
transcriptional activation assays (Carey et al. 2009) because:

* The reporter gene is usually in a more stable configuration.

* The reporter gene is usually present in a more natural copy number.

* Cells that express the reporter gene have been selected for and clonally expanded, leading to
increased reporter efficiency.

* Stably transfected cells do not need to be transfected each time the assay is performed.

Activation of the ER in response to estrogenic compounds drives transcription of the luciferase
reporter, which is then quantified using a luminometer.

The BG1Luc4E2 cell line is suitable for ED testing on account of several properties:

* Endogenous expression of ERs and appropriate transcription machinery for hormone
responsiveness

* Large number of ERs (Baldwin et al. 1998)

* High responsiveness to estrogens in vitro (Baldwin et al. 1998)

* Low background activity of the reporter gene in estrogen-free medium (Rogers and Denison
2002)

* Estrogen receptor specificity (Rogers and Denison 2002)

1.9 Range of Substances Amenable to the BG1Luc ER TA Test Method

The BG1Luc ER TA test method can be applied to a wide range of substances, provided they can be
dissolved in dimethyl sulfoxide (DMSO) and are not toxic to BG1Luc4E2 cells at concentrations of
10 uM or less. Although other solvents may be used for this test method, DMSO was the solvent of
choice for this validation study. The BG1Luc ER TA test method may be applicable to chemical
mixtures. No mixtures, however, were evaluated in this validation study. Volatile substances may
yield acceptable results if CO,-permeable plastic film is used to seal the test plates. No volatile
substances were evaluated in this validation study. Substances with endogenous luminescence (Evans
and Diepenhorst 1926), or those that naturally inhibit luciferase activity, cannot be used in this
luciferase-based test method.

C-37



ICCVAM BGI1Luc ER TA Evaluation Report

2.0 BG1Luc ER TA Test Method Protocol Components

2.1 Overview

The BG1Luc ER TA test method uses an estrogen-responsive reporter gene (/uc) in the human
ovarian adenocarcinoma cell line, BG-1, to detect substances with in vitro ER agonist or antagonist
activity. Estrogen receptor-mediated transcription of the /uc gene results in the production of
luciferase, the activity of which is quantified using a luminometer (see Section 2.2.1). A
concentration—response curve can be established to provide qualitative and quantitative information
regarding the in vitro estrogenic activity of a test substance. The advantages of using a luciferase
reporter gene system are low background, high sensitivity, speed, and a wide dynamic range.

The primary objective of this test method is to provide a qualitative assessment of in vitro estrogenic
activity (i.e., whether a substance is positive or negative for estrogenic activity). Quantitative analysis
is also performed to provide additional information on the estrogenic potency of test substances. For
example, quantitative analysis can determine the half-maximal effective concentration (ECs) or the
half-maximal inhibitory concentration (ICs,). Separate protocols are used to identify substances that
possess ER agonist or antagonist activity, although the two protocols share most major components.

In a 2003 evaluation, [CCVAM recommended minimum essential test method components for in
vitro ER TA test method protocols (ICCVAM 2003a), which included the following considerations:

* A reference standard should be included to demonstrate the adequacy of the test method for
detecting ER agonists or antagonists.

* Each study should include a set of concurrent solvent controls.

* Each study should include an evaluation of cytotoxicity.

* A weak positive agonist control with an ECsy two to three orders of magnitude higher than the
reference estrogen should be included in each study to demonstrate that the test method is
functioning properly and is sufficiently sensitive to detect weak estrogen agonists.

* To demonstrate that the test method is functioning properly and is sufficiently sensitive to detect
weak estrogen antagonists, each study should include a weak positive antagonist control that
inhibits the reference estrogen response by 50% (ICso) at a concentration two to three orders of
magnitude higher than the reference anti-estrogen.

* The maximum test substance concentration should be 1 mM unless otherwise limited by
solubility or cytotoxicity.

* At least seven concentrations spaced at logarithmic (log10) intervals, up to the limit
concentration, should be tested.

*  ECsg or ICs, values should be calculated for all positive substances when possible.

* Protocols should contain established test plate acceptance criteria.

The ICCVAM-recommended test method components were incorporated into the BG1Luc ER TA
test method protocols during a protocol standardization study coordinated by NICEATM and
conducted at XDS (Annex C). The goal of the standardization study, in which eight agonists and
eight antagonists were tested, was to develop protocols for use in the ICCVAM-sponsored
international validation study. Once the multiphase validation study was initiated, the protocols
continued to be refined after each phase resulting in optimized protocols for agonist and antagonist
testing (see Annexes E and F, respectively). The remainder of this section provides details on the
essential test method components and the rationale for their inclusion in the optimized protocols.
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2.1.1 General Procedural Overview
Agonist and antagonist testing in the BG1Luc ER TA test method is conducted in three steps:
1. Solubilization and dilution of test substances

2. Range finder testing and selection of starting concentrations and dilution factors for test
substances to be used in comprehensive testing

3. Comprehensive testing, qualitative assessment of in vitro estrogenic activity, and, where
appropriate, quantitative analysis to assess estrogenic or anti-estrogenic potency

2.2 Materials

2.2.1 BGI1Luc4E2 Cells

The BG-1 cell line, developed by Rogers and Denison (2000), is derived from immortalized human
ovarian adenocarcinoma cells. The cell line has been used extensively to examine the estrogenic
effects of chemicals (Baldwin et al. 1998; Park et al. 2009; Pujol et al. 1998; Rogers and Denison
2000; Rogers and Denison 2002; Zhou et al. 2005; Zimniski et al. 1989). BG-1 cells endogenously
express both human ERa and ER (Wong and Matsumura 2006), although ERa is the predominant
isoform (90%) (Monje and Boland 2001; Pujol et al. 1998; Welshons et al. 1988). Rogers and
Denison stably transfected BG-1 cells with a plasmid containing a firefly luciferase reporter gene
under control of four estrogen response elements placed upstream of the mouse mammary tumor
virus (MMTYV) promoter. The resulting BG1Luc4E2 cell line expresses luciferase activity in response
to estrogen and estrogen-like substances. While the MMTV promoter sequence used for the BG-1
plasmid construct lacks the glucocorticoid-responsive elements normally present in this region
(Garrison et al. 1996; Lee et al. 1984; Rogers and Denison 2000), the BG-1 developers examined
possible cross-reactivity with other steroid and nonsteroid hormones.

Progesterone, testosterone, all-trans retinoic acid, and thyroid hormone did not induce luciferase
activity. Dihydrotestosterone (AR ligand) and dexamethasone (glucocorticoid receptor ligand)
induced only a small degree of luciferase activity (Rogers and Denison 2000). Together, these results
indicate that the BG1Luc4E?2 cells exhibit only minor cross-reactivity with other ligands for members
of the nuclear hormone receptor superfamily.

XDS provided cryopreserved BG1Luc4E2 cells from their cell bank to ECVAM and Hiyoshi for the
validation study. ECVAM and Hiyoshi propagated and cryopreserved multiple ampoules of cells to
establish their working cell banks for use throughout the study.

2.2.2  Cell Culture Reagents and Supplies

The BG1Luc ER TA test method requires general cell culture materials, reagents, and supplies (see
Annexes E and F [protocols] for formulations, and concentrations of solutions and media). The
participating laboratories independently acquired cell culture materials, reagents, and supplies.

The following reagents are used for cell culture procedures in the BG1Luc ER TA test method:

* DMSO

* Luciferase reagent

*  Phosphate-buffered saline (PBS)

*  Trypsin (2.5% v/v in PBS as a cell dissociation agent)
* Gentamycin (G418)

¢ Penicillin-streptomycin (Pen-Strep)

* L-glutamine

¢ Fetal bovine serum (FBS)
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* Charcoal/dextran treated FBS

* RPMI 1640 media containing L-glutamine

*  Dulbecco’s modified Eagle’s medium (DMEM) containing high glucose (4.5 g/L) and sodium
pyruvate, without L-glutamine or phenol red.

RPMI 1640, supplemented with Pen-Strep and FBS, is used for the routine maintenance of cell
culture, for freezing cells, and for thawing cells.

DMEM supplemented with charcoal/dextran treated FBS (to remove free hormones from sera), Pen-
Strep, and L-glutamine is designated as estrogen-free media (EFM). Cells are transferred from RPMI
to EFM before testing.

The BG1Luc ER TA test method requires the following laboratory cell culture supplies:

* Cryogenic ampoules (cryovials)

* Plastic culture tubes (e.g., 50-mL conical tubes)

* Hemocytometer

* Pipettes, pipetters, repeat pipetters, pipette tips

 Sterile, disposable tissue culture plasticware (e.g., 25-cm” and 75-cm” tissue culture flasks,
96-well microtiter plates)

2.2.3 Equipment

Performance of the BG1Luc ER TA test method requires a laboratory equipped with a designated cell
culture area. Equipment required for the conduct of the test method includes the following:

* Analytical balance

* Biological safety hood, Class II or higher, with HEPA filter

* Centrifuge (capable of 1000 x g)

*  4°C refrigerator

* Freezers, -20°C and -70°C

* Incubator (37°C + 1°C, 90% =+ 5% humidity, and 5% + 1% CO,/air)
* Liquid nitrogen cryostorage

*  Microplate, auto-injecting luminometer

¢ Shaker for 96-well plates

* Vortex mixer

2.3 Cell Culture

The primary objective of any tissue culture operation is to maintain consistency in the cultures used.
To do this, strict control of culture conditions (i.e., growth and maintenance media, culture schedules,
culture flasks and plates, substrate type, seeding conditions, dissociation methods) must be
maintained. Strict control must also be taken to properly freeze, maintain, and thaw cultures in a
systematic manner because cryopreservation techniques can affect subsequent culture growth and
performance. All pertinent information about cell culture reagents and supplies (e.g., lot number,
manufacturer, product code, certificates of analysis) should be collected and maintained in log books
and reports.

Cryopreserved BG1Luc4E2 cells are thawed, resuspended in RPMI media, transferred into 25-cm”
tissue culture flasks, and incubated at 37°C £ 1°C, 90% = 5% humidity, and 5% + 1% COy/air for
48 to 72 hours (see Annexes E and F [protocols] for cell culture specifics). When cells reach 80% to
90% confluence (as estimated from a visual inspection of cell density), they are removed from the
flask by trypsinization. A dissociated single-cell suspension is added to new flasks for propagation,
and the cells are passaged/subcultured at least twice before conditioning in EFM. Forty-eight to

72 hours after the second subculture, cells are trypsinized and pelleted. The RPMI media are
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removed. Cells are then resuspended in EFM, and the cell suspension is added to new flasks for
conditioning. At this time, G418 is added to the EFM to select BG1Luc4E2 cells containing the
G418-resistant reporter plasmid. When cells are 80% to 90% confluent, they are trypsinized, counted,
and seeded into 96-well plates for testing.

2.4 Reference Standards and Controls

ICCVAM recommends the use of appropriate reference standards and controls for ER TA test
methods in order to maximize test method intra- and interlaboratory reproducibility and minimize the
likelihood of erroneous results (ICCVAM 2003a).

2.4.1 Vehicle Control

* 1% DMSO in EFM is used as the concurrent vehicle control for all testing in agonist and
antagonist protocols.

A concurrent vehicle control in ER TA agonist and antagonist test methods provides a measure of the
extent of TA in the absence of the reference standard, control, or test substances. For ER TA test
methods, the concurrent vehicle control is the baseline against which the extent of TA induction is
determined. (In the BG1Luc ER TA test method, vehicle control relative light units [RLUs] for each
test plate are averaged and then subtracted from test substance, reference standard, and control RLU
values.) XDS tested several solvents when developing the BG1Luc ER TA test method and selected a
solution of 1% DMSO (v/v) in EFM because of its ability to solubilize a wide range of both
hydrophilic and hydrophobic substances and to achieve relatively high concentrations of test
substance without reducing cell viability.

2.4.2 Estrogenic Reference Standard

* In accordance with the ICCVAM recommendations, 17p-estradiol (E2, CAS Registry Number
[CASRN] 50-28-2) is used as the reference estrogen to demonstrate the adequacy of the ER TA
test method. In the BG1Luc ER TA test method, adequacy is based on the ability of the E2
reference standard to induce ER TA activity.

Table 2-1 provides the concentrations of E2 used in different phases of testing. In ER agonist range
finder testing, a 4-point dilution was used in validation testing to broadly define the E2 curve
response in terms of bottom, slope, and top. An 11-point dilution of E2 was then used in
comprehensive ER agonist testing to more fully define the E2 response curve, thereby allowing an
ECs to be calculated. Antagonist testing used an E2 concentration of 9.18 x 10" M in ER antagonist
range finder and comprehensive testing in order to provide a level of induction against which
antagonistic effects of test substances could be assessed.
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Table 2-1 E2 Concentrations Tested for Agonist and Antagonist Methods

E2 Agonist Test Method Antagonist Test Method
Concentration Comprehensive Range Finder Comprehensive Range Finder

M) Testing Testing Testing Testing
3.67x 10" X - - ]
1.84 x 10 X X - -
9.18 x 107" X - X X
459 x 107" X X - -
229 x 10" X - - -
1.15x 10" X X - ]
573 x 10" X ; } ]
2.87x 10" X X - -
1.44 x 1072 X - _ ]
7.16 x 1072 X - - -
3.59x 107" X - - -

X = tested; - = not tested
Abbreviations: E2 = 17f3-estradiol; M = molar.

2.43 Weak Agonist Control

* p,p’-Methoxychlor (Met, CASRN 72-43-5) is used as the weak positive control in agonist
comprehensive testing. A weak positive control is not used during agonist range finder testing.

ICCVAM recommends that a positive control with an ECs, two to three orders of magnitude higher
than E2 (ECso = 3 x 10> M) be included in each study to demonstrate that the test method is
functioning properly and is sufficiently sensitive for detecting weak estrogen agonists (2003a).
However, given that the range of responses expected to be assessed with this method during the
protocol standardization study was greater than six orders of magnitude during the protocol
standardization study, the SMT concluded that a positive control with a higher ECs, multiple would
be more appropriate. During protocol standardization, a number of substances were evaluated for use
as the weak agonist control (Annex C). Based on this evaluation, Met was considered the most
appropriate control because it produced the most consistent ER TA response curves in the desired
range (ECso= 6 uM), approximately six orders of magnitude higher than E2 (ECso =3 x 10"> M in
the BG1Luc ER TA test method). A Met concentration of 9.06 x 10° M was selected because it was
the lowest concentration that gave the maximum response.

2.4.4 Anti-Estrogenic Reference Standard
* Raloxifene HCI (Ral, CASRN 82640-04-8) is used as the anti-estrogenic reference standard.

Although ICCVAM recommends ICI 182,780 as a reference standard in ER TA antagonist assays,
this substance has limited commercial availability (ICCVAM 2006). As an alternative, the more
commercially available Ral was evaluated for use as the reference standard during the protocol
standardization study. Ral is a strong estrogen antagonist also recommended by ICCVAM as a
reference standard (ICCVAM 2006). Ral consistently produced full concentration-response curves
with a mean ICs, value of 2.24 x 10° M in the BG1Luc ER TA test method (Annex C). Therefore,
the SMT selected Ral as the anti-estrogenic reference standard for the validation study.
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The concentrations of Ral used in ER antagonist range finder and comprehensive testing are provided
in Table 2-2. A 3-point dilution was used in ER antagonist range finder testing to broadly define the
top, slope, and bottom of the Ral response curve. A 9-point dilution of Ral was then used in
comprehensive ER antagonist testing to more fully define the Ral response curve, thereby allowing
the calculation of an 1Csy.

Table 2-2 Raloxifene Standard Concentrations Tested in the Antagonist Assay
Raloxifene Antagonist Comprehensive Antagonist Range Finder
Concentration (M) Testing Testing
245x10% X -
1.23x 108 X -
6.14 x 10° X -
3.06 x 10”7 X X
1.53 x 107 X -
7.67 x 107"° X X
3.82x 10" X -
1.92 x 1071° X X
9.57 x 107" X -

X = tested; - = not tested
Abbreviations: M = molar.

2.4.5 Weak Antagonist Control

* Tamoxifen (Tam, CASRN 10540-29-1) is used as the weak positive control for antagonist
comprehensive testing. A weak positive control is not used for antagonist range finder testing.

The use of a weak antagonist as a concurrent control in ER TA antagonist test methods provides a
measure of the range of responses that can be detected by the test. ICCVAM recommends using a
weak positive control with an ICs, at least three orders of magnitude higher than the reference
antagonist (2003a), Ral (ICs= 2.24 x 10 M). During protocol standardization (see Annex C), a
number of substances were evaluated for use as the weak antagonist control. Flavone produced a dose
response and an ICso =4.3 x 10”7 M, which was consistent with the single literature reference for this
compound (reported [Cso=~15 uM) (Collins-Burow et al. 2000) and was two times below that of
Ral. Based on these results, flavone was chosen as the weak antagonist control for the validation
study. However, data from the completed study showed that the vast majority of test substances
classified as “negative” or “presumed negative” produced a “positive” response at concentrations
above ~10 uM (see Annex K for ER TA antagonist testing results). Consequently, the use of flavone
as a weak antagonist control was reconsidered, as discussed below.

The antagonist method is a “loss-of-function” method, in which a positive result is based on a
decrease in luciferase activity. This is in contrast to the agonist method, in which an increase in
luciferase activity (i.e., “gain of function”) indicates a positive response. Consequently, any substance
that disturbs cellular homeostasis or causes cytotoxicity will produce an apparent positive response
(i.e., dead cells produce no signal and, therefore, produce the maximum response). To account for
this, an assessment of cell viability is included in the agonist and antagonist test method protocols
(Section 2.6). Data from antagonist validation testing were reviewed to determine whether the
observed decrease in luciferase activity (positive response) correlated with a loss in cellular viability.
In many cases, there was no observed decrease in cellular viability at the highest concentration tested.
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In cases where a loss of viability was observed, a decrease in luciferase activity usually preceded a
loss of cellular viability, sometimes at concentrations up to two or three log dilutions lower than the
cytotoxic concentration.

These findings indicate that cellular viability cannot be reliably used as an indicator of test substance
interference with the BG1Luc ER TA, and that it is impossible to distinguish true positives from false
positives at concentrations above ~10 uM. In addition, NICEATM-ICCVAM could not identify in
the literature any substances classified as positive for ER antagonism with an ICsq > 10 uM.
Therefore, the SMT established 10 uM as the upper limit of utility for determining antagonist activity
in the BG1Luc ER TA test method. Because the 10 uM would preclude the use of flavone as a weak
antagonist control (ICso = 15 uM), the SMT selected Tam as a weak antagonist control because it has
been conclusively shown to bind to both ERs (46/46 studies; Table 3-2) and act as an ER antagonist
in most ER TA studies (20/22 studies; Table 3-2). The mean ICs, for Tam in ER TA studies is

7.20 x 107 M, which is twofold above that of Ral yet below the 10 uM upper limit of the assay.

2.5 Test Substance Concentrations

* For agonist testing, the highest soluble, noncytotoxic concentration should be tested up to a limit
of 1 mM.

* For antagonist testing, the highest soluble, noncytotoxic concentration should be tested up to a
limit of 10 uM.

ICCVAM recommends that the maximum test substance concentration should be 1 mM unless
otherwise limited by solubility or cytotoxicity (2003a). (Note: Reference substances were coded in
order to conduct the validation study in a blinded manner; therefore, the participating laboratories
were instructed to use 100 mg/mL as the limit concentration.) However, as outlined in Section 2.4.5,
the BG1Luc ER TA test method validation study data indicate that concentrations above 10 uM in the
antagonist assay consistently produce false positive responses in this loss-of-function assay.
Consequently, the SMT established 10 uM as the upper limit of utility for determining antagonist
activity in the BG1Luc ER TA test method.

2.5.1 Solubility Testing

* The starting concentration for range finder testing is established by determining the maximum
test substance solubility in 100% DMSO.

ICCVAM recommends that the maximum test substance concentration be 1 mM unless limited by
solubility or cytotoxicity (2003a). Procedures used to assess solubility are described in this section,
and procedures used to assess cytotoxicity are described in Section 2.5.2.

During Phase 1 and Phase 2 testing, maximum test substance solubilities were determined at log
intervals up to 1 mg/mL (v/v in 1% DMSO/cell culture media). Following Phase 2 of the validation
study, a high degree of variability was noted in solubility assessment performed on the same
substance at different laboratories. Problems associated with log scale dilutions in the 1% DMSO
medium were believed to be causing the variability. To reduce differences in solubility estimates
between laboratories, protocols were modified to use test substance solubility in 100% DMSO as the
starting concentration for range finder testing. This protocol modification was used for Phase 3 and
Phase 4 testing. Test substance solubility data are provided in Section 4.

2.5.2  Cytotoxicity Testing

A qualitative visual observation method that assesses viability on a scale of 1 (normal)
to 4 (significant loss of viability) is used to assess cell viability in the BG1Luc ER TA test method.
Viability scores of 2 or greater are classified as cytotoxic.
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The assessment of cytotoxicity is an integral part of agonist and antagonist range finder and
comprehensive testing and data analysis. Cytotoxicity results play an additional role in the
interpretation of agonist and antagonist range finder data, as described below in Sections 2.6.1 and
2.6.2, respectively.

The peer review panel (ICCVAM 2002d, 2002¢) recommended an assessment of cell viability to help
define the upper limit for test substance concentrations, similar to the maximum tolerated dose
(MTD) approach used in in vivo studies. During the protocol standardization study for the BG1Luc
ER TA test method (Annex C), XDS used the CellTiter-Glo” (Promega Corporation) quantitative cell
viability assay to assess the viability of BG1Luc4E2 cells following exposure to increasing
concentrations of test substance. CellTiter-Glo measures cell viability via a luminescent signal that is
proportional to the amount of adenosine triphosphate (ATP) in viable cells. Results indicated that the
ER TA activity of the fixed amount of E2 used in antagonist testing was significantly reduced when
the reduction in ATP level per well exceeded 20%. Based on these results, concentrations of
substance that reduced cell viability more than 20% were classified as cytotoxic. However, like the
BGI1Luc ER TA test method, the CellTiter-Glo assay is based on a luminescent endpoint (ER TA
luciferase vs. ATP luminescence). For this reason, the use of parallel plates is necessary because ATP
luminescence cannot be delineated from ER TA-associated luciferase activity.

Therefore, an alternative qualitative method to assess cell viability was developed by XDS during the
protocol standardization study (Annex C). This method relies on visual observation of cell density
and morphology to assign cell viability scores using criteria listed in Table 2-3. Test substance
concentrations of 2 or greater are considered to be cytotoxic.

A direct comparison of the CellTiter-Glo assay and visual observation methods indicated that
CellTiter-Glo values of 80% or greater corresponded to a viability score of 1 in the visual observation
method study (Annex C). Therefore, the visual observation method was considered adequate for
assessing cell viability in the BG1Luc ER TA test method, thereby precluding the need for parallel
test plates.

Table 2-3 Visual Observation Scoring Table for Cell Viability

Viability Score Brief Description
1 Normal cell morphology and cell density
2 Altered cell morphology and/or small gaps between cells
3 Altered cell morphology and/or large gaps between cells
4 Few (or no) visible cells
P Wells containing precipitation are to be noted with “P”

2.6 Range Finder Testing

The purpose of range finder testing is to establish the concentration range of a test substance to be
included in comprehensive testing. This involves identifying both an appropriate starting
concentration and a dilution scheme. The starting concentration of a test substance is based on the
highest soluble concentration that is not cytotoxic, as described in Section 2.5. Results from range
finder testing are used to select a 1:5 or 1:2 dilution scheme for comprehensive testing. A 1:5 dilution
covers a wider concentration range (7.5 log dilutions), while a 1:2 dilution provides higher resolution
over a smaller range (3.5 log dilutions). Procedures for range finder testing, along with the criteria
used to determine the appropriate testing range, are provided below.
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2.6.1 Agonist Range Finder Testing

Reference Standard and Control Concentrations Used for Agonist Range Finder Testing

e E2, the reference estrogen, is run in duplicate at four concentrations (1.84 x 10", 459 x 107",
1.15x 10", and 2.87 x 107> M).
*  The vehicle control (1% DMSO v/v in EFM) is run in quadruplicate.

Agonist Range Finder Plate Design

* All 96 wells of the test plate are used during range finder testing. A maximum of six substances
can be tested at seven concentrations in duplicate on each range finder plate. Starting
concentrations are determined during solubility testing. Plate design for agonist testing is
provided below in Figure 2-1.

In Phase 1 of the validation study, the lead laboratory (XDS) conducted studies to optimize the plate
design in order to improve the statistical power and allow all 96 wells to be used (Annex M). Results
demonstrated that, although there were statistically significant differences in values between outside
and inside wells, the differences did not affect the selection of the appropriate starting concentrations
for comprehensive testing (see Annex M). Therefore, the design of agonist and antagonist range
finder plates was modified to use all 96 wells of the test plate, with six test substances being tested at
seven concentrations in duplicate on each range finder plate.

Figure 2-1 96-Well Test Plate Layout for Agonist Range Finder Testing

TS1-1 | TS1-1 | TS2-1 | TS2-1 | TS3-1 | TS3-1 | TS4-1 | TS4-1 | TS5-1 | TS5-1 | TS6-1 | TS6-1

TS1-2 | TS1-2 | TS2-2 | TS2-2 | TS3-2 | TS3-2 | TS4-2 | TS4-2 | TS5-2 | TS5-2 | TS6-2 | TS6-2

TS1-3 | TS1-3 | TS2-3 | TS2-3 | TS3-3 | TS3-3 | TS4-3 | TS4-3 | TS5-3 | TS5-3 | TS6-3 | TS6-3

TS1-4 | TS1-4 | TS2-4 | TS2-4 | TS3-4 | TS3-4 | TS4-4 | TS4-4 | TS5-4 | TS5-4 | TS6-4 | TS6-4

TS1-5 | TS1-5 | TS2-5 | TS2-5 | TS3-5 | TS3-5 | TS4-5 | TS4-5 | TS5-5 | TS5-5 | TS6-5 | TS6-5

TS1-6 | TS1-6 | TS2-6 | TS2-6 | TS3-6 | TS3-6 | TS4-6 | TS4-6 | TS5-6 | TS5-6 | TS6-6 | TS6-6

TS1-7 | TS1-7 | TS2-7 | TS2-7 | TS3-7 | TS3-7 | TS4-7 | TS4-7 | TS5-7 | TS5-7 | TS6-7 | TS6-7

E2-1 E2-2 E2-3 E2-4 vC vC vC vC E2-1 E2-2 E2-3 E2-4

Abbreviations: E2 = E2 control; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]).
E2-1 to E2-4 = concentrations of the E2 reference standard (from high to low)
TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1)
TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2)
TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3)
TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4)
TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5)
TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6)
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Agonist Range Finder Plate Acceptance Criteria

The mean DMSO control RLU values must be within 2.5 times the standard deviation of the
historical DMSO control mean RLU value.

E2 induction must be greater than threefold. Induction is calculated by averaging the highest E2
reference RLU value from both E2 concentration curves and then dividing this by the average
DMSO control RLU value.

Data from plates that fail any acceptance criterion should be discarded and the experiment repeated.

Interpretation of Results from Agonist Range Finder Testing

If no points on the test substance concentration curve are greater than the DMSO control mean
plus three times its standard deviation (SD), comprehensive testing for ER agonist activity should
be conducted using the highest noncytotoxic concentration tested.

If any points on the test substance concentration curve are greater than the DMSO control mean
plus three times its SD, testing should use a starting concentration one log higher than the
concentration giving the highest adjusted RLU value.

An 11-point 1:2 serial dilution (covering approximately three orders of magnitude) should be
used if the resulting concentration range will resolve the full dose response curve of the test
substance, as estimated from the range finder data. Otherwise, an 11-point 1:5 dilution should be
used.

An 11-point 1:5 serial dilution (covering approximately seven orders of magnitude) should be
used if a substance exhibits a biphasic, hormetic, or U-shaped (Calabrese and Baldwin 2001)
concentration—response curve not associated with cytotoxicity in the range finder test. For
hormetic or U-shaped curves, the dilution starts at a concentration one log higher than the
concentration associated with the peak of activity (maximum RLU). In a biphasic curve, the
starting concentration is one log higher than the concentration associated with the maximum RLU
of the peak at the highest end of the concentration—response curve.

2.6.2 Antagonist Range Finder Testing

Reference Standard and Control Concentrations Used for Antagonist Range Finder Testing

A single concentration of E2 (9.18 x 10" M), intended to provide 80% of the maximum E2
induction, is run in triplicate.

Three concentrations of the reference anti-estrogen, raloxifene HCI, are each run in duplicate
(3.06 x 107, 7.67 x 10™"°, and 1.92 x 107" M).

The vehicle control (1% DMSO v/v in EFM) is run in triplicate.

All reference anti-estrogen and test wells must contain a fixed concentration of E2

(9.18 x 10" M), intended to provide 80% of the maximum E2 induction.

Antagonist Range Finder Plate Design

All 96 wells of the test plate are used during range finder testing. A maximum of six substances can
be tested at seven concentrations in duplicate on each range finder plate. Starting concentrations are
determined using starting concentrations that were determined during solubility testing. The plate
design for antagonist testing is provided in Figure 2-2.
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Figure 2-2 96-Well Test Plate Layout for Antagonist Range Finder Testing
TSI1-1 | TS1-1 | TS2-1 | TS2-1 | TS3-1 | TS3-1 | TS4-1 | TS4-1 | TS5-1 | TS5-1 | TS6-1 | TS6-1
TS1-2 | TS1-2 | TS2-2 | TS2-2 | TS3-2 | TS3-2 | TS4-2 | TS4-2 | TS5-2 | TS5-2 | TS6-2 | TS6-2
TS1-3 | TS1-3 | TS2-3 | TS2-3 | TS3-3 | TS3-3 | TS4-3 | TS4-3 | TS5-3 | TS5-3 | TS6-3 | TS6-3
TS1-4 | TS1-4 | TS2-4 | TS2-4 | TS3-4 | TS3-4 | TS4-4 | TS4-4 | TS5-4 | TS5-4 | TS6-4 | TS6-4
TS1-5 | TS1-5 | TS2-5 | TS2-5 | TS3-5 | TS3-5 | TS4-5 | TS4-5 | TS5-5 | TS5-5 | TS6-5 | TS6-5
TS1-6 | TS1-6 | TS2-6 | TS2-6 | TS3-6 | TS3-6 | TS4-6 | TS4-6 | TS5-6 | TS5-6 | TS6-6 | TS6-6
TS1-7 | TS1-7 | TS2-7 | TS2-7 | TS3-7 | TS3-7 | TS4-7 | TS4-7 | TS5-7 | TS5-7 | TS6-7 | TS6-7
Ral-1 | Ral-2 | Ral-3 VC VC vC E2 E2 E2 Ral-1 | Ral-2 | Ral-3

Abbreviations: E2 = E2 control; Ral = raloxifene; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]).
Ral-1 to Ral-3 = concentrations of the raloxifene/E2 reference standard (from high to low)
TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1)
TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2)
TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3)
TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4)
TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5)
TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6)

Antagonist Range Finder Plate Acceptance Criteria

*  The mean DMSO control RLU value for each plate must be within 2.5 times the SD of the
historical DMSO control mean RLU value.
* Test plate E2 control RLU values must be within 2.5 times the SD of the historical E2 control
mean RLU value.
* Plate reduction must be greater than threefold. Reduction is calculated by averaging the highest

Ral reference RLU values, then dividing by the averaged lowest Ral RLU value.

Data from plates that fail any acceptance criterion should be discarded and the experiment repeated.

Interpretation of Results from Antagonist Range Finder Testing

* Ifno points on the test substance concentration curve are less than the mean of the E2 control
minus three times the SD, comprehensive testing for ER antagonist activity should be conducted
using the highest noncytotoxic concentration tested.

* Ifany points on the test substance concentration curve are less than the E2 control mean minus
three times the SD, testing should use a starting concentration one log higher than the
concentration giving the lowest adjusted RLU value.

An 11-point 1:2 serial dilution (covering approximately three orders of magnitude) should be
used if the resulting concentration range will resolve the full concentration—response curve of the
test substance as estimated from the range finder data. Otherwise, an 11-point 1:5 dilution should
be used.

An 11-point 1:5 serial dilution (covering approximately seven orders of magnitude) should be
used if a substance exhibits a biphasic, hormetic, or U-shaped (Calabrese and Baldwin 2001)
concentration—response curve not associated with cytotoxicity in the range finder test. For
hormetic or U-shaped curves, the dilution starts at a concentration one log higher than the
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concentration associated with the peak of activity (maximum RLU). In a biphasic curve, the
starting concentration is one log higher than the concentration associated with the maximum RLU
of the peak at the highest end of the concentration—response curve.

2.7 Comprehensive Testing
2.7.1 Comprehensive Agonist Testing

Reference Standard and Control Concentrations Used for Agonist Comprehensive Testing

* E2, the reference estrogen, is run in duplicate at eleven concentrations (see Table 2-1).
¢ Met, the weak positive control, is run in quadruplicate at a single concentration of 9.06 x 10 M.
*  The vehicle control (1% DMSO in EFM) is run in quadruplicate.

Plate Design

All 96 wells of the test plate are used during comprehensive agonist testing. Two substances can be
tested at eleven concentrations, in triplicate, on each plate. Starting concentrations and dilution factors
are determined based on range finder results (Section 2.6). Plate design for comprehensive agonist
testing is provided below in Figure 2-3.

To evaluate the effect of using outer test plate wells on comprehensive testing, ECsy values from
serial dilutions of BPA derived from replicates using outside wells were compared to ECs, values
derived from replicates using inside wells. The comparisons showed no significant differences
between ECs, values derived from replicates using outside wells and those derived from using inside
wells (see Annex M).

Figure 2-3 96-Well Test Plate Layout for Comprehensive Agonist Testing

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10 | TS2-11| VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10 | TS2-11 | Met

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10 | TS2-11 | Met

E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8 E2-9 | E2-10 | E2-11 | Met

E2-1 E2-2 | E2-3 E2-4 | E2-5 E2-6 | E2-7 | E2-8 | E2-9 | E2-10 | E2-11 | Met

Abbreviations: E2 = E2 control; Met = p,p -methoxychlor weak positive control; TS = test substance; VC = vehicle control
(DMSO [1% v/v EFM]).

TS1-1 to TS1-11 = concentrations (from high to low) of test substance 1
TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2
E2-1 to E2-11 = concentrations of the E2 reference standard (from high to low)
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Plate Acceptance Criteria for Comprehensive Agonist Testing

*  The mean DMSO control RLU value for each plate must be within 2.5 times the SD of the
historical DMSO control mean RLU value.

* E2 induction must be greater than threefold. Induction is calculated by averaging the highest E2
reference RLU value from each E2 concentration curve and then dividing this by the average
DMSO control RLU value.

* The E2 reference standard curve should be sigmoidal in shape and have at least three values
within the linear portion of the curve.

* The mean plate Met control RLU value must be greater than the mean DMSO control RLU value
plus three times the SD.

Modification of Plate Acceptance Criteria for Comprehensive Agonist Testing

Following Phase 2a of the validation study, NICEATM—-ICCVAM evaluated the failure rates of plates
used to comprehensively test four agonist substances. The percentage of agonist test plates that failed
test plate acceptance criteria across the participating laboratories was 61% (33/54) (see Section 7,
Table 7-4). NICEATM-ICCVAM reviewed the data to determine whether changes to test plate
acceptance criteria could reduce the failure rates of comprehensive test plates without compromising
the ability of the test method to detect and quantify test substance agonist or antagonist activity. A
comparison was made between (1) qualitative and quantitative outcomes for test plates that met all
acceptance criteria and (2) those that failed to meet one or more acceptance criteria (see Section 7,
Tables 7-5 and 7-6). Qualitative outcomes are the positive or negative agonist classifications, and
quantitative outcomes are ECs values.

Test plate acceptance criteria based on the DMSO control RLU values and E2 reference standard
minimum fold induction values were not considered for modification because they are essential for
monitoring background activity and reference estrogen performance.

Therefore, the test plate acceptance criteria that were considered for modification were the E2 ECs,
and Meth RLU control values. Based on this evaluation, it was determined that agonist test plate
acceptance criteria could be modified without compromising the ability of the test method to detect
and quantify test substance agonist activity. Following are the modifications:

* The requirement for the mean plate E2 reference standard EC50 value to be within 2.5 times the
SD of the historical mean EC50 value was eliminated.

¢ The requirement for the mean plate Met control RLU value was changed from within 2.5 times
the SD of the historical mean Met control RLU value to within 3 times the SD of the historical
Met control RLU.

Changes to the agonist test plate acceptance criteria described above were used for Phases 2b, 3, and
4 testing.

Interpretation of Results from Comprehensive Agonist Testing
Positive classification—

*  All test substances classified as positive for ER agonist activity should have a concentration—
response curve consisting of a baseline, followed by a positive slope, and concluding in a plateau
or peak. In some cases, only two of these characteristics (baseline—slope or slope—peak) may be
defined.

* The line defining the positive slope must contain at least three points with nonoverlapping error
bars (mean £ SD). Points forming the baseline are excluded, but the linear portion of the curve
may include the peak or first point of the plateau.
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* A positive classification requires a response amplitude, the difference between baseline and peak,
of at least 20% of the maximal value for the reference estrogen (i.e., 2000 RLUs when the
maximal response value of the reference estrogen is adjusted to 10,000 RLUs).

* Ifpossible, an ECsy value should be calculated for each positive substance (Section 4).

Negative classification—

For all concentration—response curves that fail to meet the criteria for a positive response, test
substances are classified as negative for agonist activity if all data points are below 20% of the
maximal value for the reference estrogen (i.e., 2000 RLUs when the maximal response value of the
reference estrogen is adjusted to 10,000 RLUs).

Inadequate—

Data are classified as inadequate if, because of major qualitative or quantitative limitations, they
cannot be interpreted as valid for showing either the presence or absence of agonist activity.

New Classification Scheme

The BG1Luc ER TA test method is intended as part of a weight-of-evidence approach to help
prioritize substances for ED testing in vivo. Part of this prioritization procedure will be the
classification of the test substance as positive or negative for either ER agonist or antagonist activity.
There currently are no universally accepted standards for determining whether a substance is positive
for ER agonist or antagonist activity. A common approach for the classification of substances as
positive is to determine the lowest effective concentration (LEC), i.e., the concentration that is
significantly different from the concurrent negative control (Judson et al. 2010; Martin et al. 2010).
For the protocol standardization study and all phases of testing in the BG1Luc ER TA test method
validation study, an LEC method was used to determine whether a test substance was positive or
negative. Specifically:

* A substance is considered positive for agonist activity when the average adjusted RLU for a given
concentration is greater than the mean DMSO control RLU value plus three times its SD
(3X-SD).

* A substance is considered negative for agonist activity if the average adjusted RLU for a given
concentration is at or below the mean DMSO control RLU value plus three times its SD.

Because this classification system appeared to work well during the protocol standardization study
and the early phases of testing (Phase 1, Phase 2a, Phase 2b), it was used for Phase 3 and Phase 4
testing also. However, the data indicated that this classification scheme was resulting in an
unacceptable level of false positives (71 out of 78 test substances were classified as positive) in the
agonist assay. The contributing factors appeared to be as follows:

* The binary nature of the classification system, in which all substances will be classified as
positive or negative, was too restrictive.

* C(lassification was based on individual values (not a curve shape) and did not accommodate high
background levels or variability in test data. Consequently, single data points often exceed the
3X-SD DMSO control line because of the variability of the test, causing substances to be
classified as positive.

* Many test substances caused a significant increase in background RLUs, resulting in a baseline
that was near or above the 3X-SD DMSO control and thereby causing the substances to be
classified as positive.

* No allowances were made for poor-quality test data; only plate acceptance criteria were
considered for quality control purposes.
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In light of the above, the SMT agreed on a new classification scheme that addressed each of these
deficiencies. These new classification criteria were applied retrospectively to all test data for the
assessment of test method accuracy (Section 5).

2.7.2 Comprehensive Antagonist Testing

Reference Standard and Control Concentrations Used for Antagonist Comprehensive Testing

* Ral, the anti-estrogenic reference standard, is plated in a serial dilution consisting of nine
concentrations of Ral in duplicate (see Table 2-2).

* A single concentration of E2 (9.18 x 10"' M), intended to provide 80% of the maximum E2
induction, is run in quadruplicate.

*  The vehicle control (1% DMSO in EFM) is run in quadruplicate.

¢ All reference anti-estrogen and test wells contain a fixed concentration of E2 (9.18 x 10" M),
intended to provide 80% of the maximum E2 induction.

e Tam, a weak antagonist reference standard, is plated in quadruplicate at 3.36 x 10° M.

Plate Design

* All 96 wells of the test plate are used during comprehensive testing. Two substances can be tested
at eleven concentrations, in triplicate, on each plate. Starting concentrations and dilution factors
are determined based on range finder results (Section 2.6.2). The plate design for comprehensive
antagonist testing is provided in Figure 2-4.

Figure 2-4 96-Well Test Plate Layout for Comprehensive Antagonist Testing

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS1-1 | TS1-2 | TS1-3 | TS1-4 | TS1-5 | TS1-6 | TS1-7 | TS1-8 | TS1-9 | TS1-10 | TSI-11| VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10|TS2-11| VC

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10|TS2-11| Tam

TS2-1 | TS2-2 | TS2-3 | TS2-4 | TS2-5 | TS2-6 | TS2-7 | TS2-8 | TS2-9 | TS2-10|TS2-11| Tam

Ral-1 | Ral-2 | Ral-3 | Ral-4 | Ral-5 | Ral-6 | Ral-7 | Ral-8 | Ral-9 E2 E2 Tam

Ral-1 | Ral-2 | Ral-3 | Ral-4 | Ral-5 | Ral-6 | Ral-7 | Ral-8 | Ral-9 E2 E2 Tam

Note: All reference and test wells contain a fixed concentration of E2 (4.90 x 107! M).

Abbreviations: E2 = E2 control; Ral = raloxifene; Tam = tamoxifen/E2 weak positive control; TS = test substance;
VC = vehicle control (DMSO [1% v/v EFM]).

Ral-1 to Ral-9 = concentrations of the raloxifene/E2 reference standard (from high to low)
TS1-1 to TS1-11 = concentrations (from high to low) of test substance 1 (TS1)
TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2 (TS2)

Plate Acceptance Criteria for Comprehensive Antagonist Testing

* The mean DMSO control RLU values must be within 2.5 times the standard deviation of the
historical DMSO control mean RLU value.

* Ral reduction must be greater than threefold. Reduction is calculated by dividing the averaged
highest Ral reference RLU value by the averaged lowest Ral RLU value.
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* The Ral reference standard curve should be sigmoidal in shape and have at least three values
within the linear portion of the curve.

* The averaged E2 control RLU value must be within 2.5 times the standard deviation of the
historical E2 control mean RLU value.

* The mean plate Tam control RLU value must be less than the mean E2 control RLU value minus
three times the SD.

Following Phase 2a of the validation study, NICEATM—-ICCVAM evaluated the failure rates of plates
used to comprehensively test four antagonist substances. The percentage of antagonist test plates that
failed test plate acceptance criteria across the participating laboratories was 38% (13/34) (see

Section 7.3.1). NICEATM-ICCVAM reviewed the data to determine whether changes to test plate
acceptance criteria could reduce the failure rates of comprehensive test plates without compromising
the ability of the test method to detect and quantify test substance antagonist activity. A comparison
was made of (1) qualitative and quantitative outcomes for test plates that met all acceptance criteria
and (2) those that failed to meet one or more acceptance criteria (see Section 7, Tables 7-2 and 7-3).
Qualitative outcomes are positive or negative antagonist classifications, and quantitative outcomes
constitute ICs, values.

Test plate acceptance criteria based on the DMSO control RLU values and the Ral reference standard
minimum fold reduction values were not considered for modification because they are essential for
monitoring background activity and reference antagonist performance. In addition, the E2 control test
plate acceptance criterion was not considered for modification because it is essential for determining
test substance antagonist activity.

Therefore, the test plate acceptance criteria that were considered for modification were the Ral ICs
and flavone control RLU values. Based on this evaluation, it was determined that antagonist test plate
acceptance criteria could be modified without compromising the ability of the test method to detect
and quantify test substance agonist or antagonist activity. These modifications were as follows:

*  The requirement that the mean plate Ral reference standard I1Cs, value must be within 2.5 times
the SD of the historical mean ICs, value was eliminated. It was replaced with a requirement that
the Ral reference standard curve should be sigmoidal in shape and have at least three values
within the linear portion of the curve.

*  The requirement that the mean plate flavone control RLU value must be within 2.5 times the SD
of the historical mean flavone control RLU value was changed. The flavone control RLU value
must now be less than three times the SD of the mean plate RLU value of the flavone control.

Changes to the antagonist test plate acceptance criteria described above were used for Phases 2b, 3,
and 4 testing. However, as detailed in Section 2.4.5, further evaluation of the data after the study was
completed led to the replacement of flavone with Tam as the weak positive control for ER
antagonism.

Interpretation of Results from Comprehensive Antagonist Testing

As described above, criteria used to classify substances as positive or negative for ER agonism or
antagonism were modified following a retrospective analysis of the data. These new classification
criteria, provided above, were applied to all test data to assess test method accuracy (Section 5).

Positive classification—

* All test substances classified as positive for ER antagonist activity should have a concentration—
response curve consisting of a baseline followed by a negative slope.

* The line defining the negative slope must contain at least three points with nonoverlapping error
bars. Points forming the baseline are excluded, but the linear portion of the curve may include the
first point of the plateau.
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* A positive classification requires a response amplitude, the difference between baseline and
bottom, of at least 20% of the maximal value for the reference estrogen (i.e., 8000 RLUs when
the maximal response value of the reference estrogen is adjusted to 10,000 RLUs).

* The hi%hest noncytotoxic concentrations of the test substance should be less than or equal to
1x10° M.

Negative classification—

* Test substances are classified as negative for antagonist activity if all data points are above the
ECg value (80% of the E2 response, or 8000 RLUs).

Inadequate—

* Data are classified as inadequate if, because of major qualitative or quantitative limitations, they
cannot be interpreted as valid for showing either the presence or absence of activity.
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3.0 Substances Used for the Validation of the BG1Luc ER TA Test Method

31 Development of the List of 78 ICCVAM-Recommended Test Substances

ICCVAM previously recommended a list of 78 substances for use in validation studies of in vitro ER
and AR binding and TA test methods (ICCVAM 2003a, 2006). The purpose of this list is to ensure
that the usefulness and limitations of in vifro ER and AR binding and TA assays can be adequately
characterized across a broad range of chemical classes and responses. These substances were selected
based on information contained in the corresponding ICCVAM BRDs (ICCVAM 2002d, 2002a,
2002¢, 2002b), as well as information obtained from publications reviewed or published after
completion of the [ICCVAM BRDs (Annex N). ICCVAM considered the following factors and
criteria in compiling the list:

*  Published or submitted data demonstrating reproducible positive or negative responses in
multiple studies and/or test methods

* The extent to which these substances covered the range of responses (negative, weakly positive to
strongly positive)

* Representative distribution of the proposed substances among chemical and product classes

To better evaluate test method specificity, approximately 25% of the total number of substances
should be negative for the endpoint being measured. Substances that might interfere with
transcriptional activation by altering metabolic pathways, such as RNA and protein synthesis, should
be included.

The 78 ICCVAM-recommended substances used in the BG1Luc ER TA validation study are listed in
Table 3-1. Physicochemical properties, including chemical structures, for each of the recommended
substances are provided in Annex L.

Table 3-1 Reference Substances Tested for ER TA Activity

Substance casrN | MesH Chimlcal Product Class” Pl:,my Manufacturer
Class (%)
12-0- Hydrocarbon Laborato
Tetradecanoylphorbol- 16561-29-8 y . tory >99.5 LC Laboratories
(Cyclic) Chemical
13-acetate
17a-Estradiol 57910 Steroid Pharmaceutical, | g 5 Sigma-Aldrich
Veterinary Agent Corporation
170-Ethinyl estradiol 57-63-6 Steroid Pha@aceutlcal, =98.0 Slgma-Alerch
Veterinary Agent Corporation
17B-Estradiol 50-28-2 Steroid Pharmaceutical, 98.0 Sigma-Aldrich
Veterinary Agent Corporation
17B-Trenbolone 10161-33-8 Steroid Pharmaceutical 96.6 | Spectrum Chemicals
& Laboratory Products
. Pharmaceutical, Toronto Research
19-Nortestosterone 434-22-0 Steroid Veterinary Agent 98.0 Chemicals, Inc. (TRC)
Chemical
Intermediate, Sigma-Aldrich
2-sec-Butylphenol 89-72-5 Phenol Pesticide 98.0 Corporation
Intermediate
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Substance casrN | MesH Chimlcal Product Class” Pl:,my Manufacturer
Class (%)
2,4.,5- . .
Trichlorophenoxyacetic 93-76-5 Carboxylic Acid Herbicide 99.3 Slcgma-AIerch
. orporation
acid
Sigma-Aldrich
4-Androstenedione 63-05-8 Steroid Pharmaceutical 98.6 Corporatlon/. Hiyoshi-
International
Laboratory USA
Chemical Sigma-Aldrich
4-Cumylphenol 599-64-4 Phenol Intermediate 99.9 Corporation
4-Hydroxytamoxifen 68047-06-3 Hydrocgrbon Pharmaceutical 99.5 Slgma-Aldrlch
(Cyclic) Corporation
4- . . Sigma-Aldrich
Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical 99.6 Corporation
Chemical
4-tert-Octylphenol 140-66-9 Phenol Intermedla?e, 99.3 Chem Service, Inc.
Pharmaceutical
Intermediate
Sa-Dihydrotestosterone 521-18-6 Steroid Pharmaceutical =97.5 S1gma-Alqr1ch
Corporation
Heterocyclic Laboratory
. . Compound, Chemical, .
Actinomycin D 50-76-0 Polycyclic Pharmaceutical, 99.7 USB Corporation
Compound Veterinary Agent
Industrial
Amine, Onium Chemical, Sigma-Aldrich
Ammonium perchlorate 7790-98-9 i Laboratory 100.0 g .
Compound . Corporation
Chemical,
Pharmaceutical
Dye, Natural
. Heterocyclic Product, Sigma-Aldrich
Apigenin 520-36-5 Compound Pharmaceutical =990 Corporation
Intermediate
. Heterocyclic Pharmaceutical, Sigma-Aldrich
Apomorphine >8-00-4 Compound Veterinary Agent 998 Corporation
Atrazine 1912-24-9 Heterocyclic Herbicide 98.0 Chem Service, Inc.
Compound
Bicalutamide 90357-06-5 Amide Pharmaceutical >99.5 LKT Lz}zcc)ratorles,
Chemical
. Intermediate, Sigma-Aldrich
Bisphenol A 80-05-7 Phenol Flame Retardant, 97.0 Corporation
Fungicide
Chemical
. Intermediate, . .
Bisphenol B 77-40-7 Phenol Flame Retardant, 97.4 City Chemical LLC
Fungicide
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MeSH Chemical

Purity

b
Substance CASRN Class® Product Class (%) Manufacturer
Carboxylic Acid, Plasticizer, Siema-Aldrich
Butylbenzyl phthalate 85-68-7 Ester, Phthalic Industrial 98.0 Cg .
. . orporation
Acid Chemical
Flavonoid, . .
Chrysin 480-40-0 Heterocyclic Natural Product 99.8 Slgma-AIerch
Corporation
Compound
Amine,
Clomiphene citrate 50-41-9 Carboxylic A.Cld’ Pharmaceutical 100.0 Slgma-Alanh
Heterocyclic Corporation
Compound
Corticosterone 50-22-6 Steroid Pharmaceutical 99.0 S1gma-Alqr1ch
Corporation
Coumestrol 479-13-0 | Heteroeyelic ol Product | 98.0 BIOMOL
Compound International, Inc.
Heterocyclic Fungicide, Sigma-Aldrich
Cycloheximide 66-81-9 4 Pharmaceutical, 99.0 £ .
Compound . Corporation
Veterinary Agent
Cyproterone acetate 427-51-0 Steroid Pharmaceutical 99.6 S1gma-Alqr1ch
Corporation
Flavonoid,
Daidzein 486-66-8 Heterocyclic Natural Product =97.5 Alfa Aesar GmbH
Compound
Dexamethasone 50-02-2 Steroid Pharrpaceutlcal, 99.0 Slgma-Al@rlch
Veterinary Agent Corporation
Cosmetic
. Ingredient,
Di--butyl phthalate 84-74.p | Dster. Phthalic Industrial 298.0 | City Chemical LLC
Acid .
Chemical,
Plasticizer
Polycyclic Laboratory
Dibenzo[a,h]anthracene 53-70-3 yey Chemical, Natural 99.9 Supelco Analytical
Compound
Product
Hydrocarbon
Dicofol 115-32-2 (Cyclic), Pesticide 98.0 Chem Service, Inc.
Hydrocarbon
(Halogenated)
Pesticide
Diethylhexyl phthalate 117-81-7 Phthalic Acid Intermediate, 98.0 Alfa Aesar GmbH
Plasticizer
. . Hydrocarbon Pharmaceutical, N Sigma-Aldrich
Diethylstilbestrol 56-53-1 (Cyclic) Veterinary Agent =99.0 Corporation
Estrone 53-16-7 Steroid Pharmaceutical, | g Sigma-Aldrich
Veterinary Agent Corporation
Carboxylic Acid, Pharmaceutical, Sigma-Aldrich
Ethyl paraben 120-47-8 Phenol Preservative 99.0 Corporation
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MeSH Chemical

Purity

b
Substance CASRN Class® Product Class (%) Manufacturer
Heterocyclic
Fenarimol 60168-88-9 Compound, Fungicide 99.5 Chem Service, Inc.
Pyrimidine
Finasteride 98319-26-7 Steroid Pharmaceutical >99.0 Slgma-Aldrlch
Corporation
Flavonoid, . .
Flavone 525-82-6 Heterocyclic Natural Product, 99.7 Sigma-Aldrich
Pharmaceutical Corporation
Compound
Industrial
Chemical,
Fluoranthene 206-44-0 Polycyclic Laborgtory 99.6 Slgma-AIerch
Compound Chemical, Corporation
Pharmaceutical
Intermediate
Fluoxymestrone 76-43-7 Steroid Pharmaceutical >99.0 Slgma-AIerch
Corporation
Flutamide 13311-84-7 Amide Pharmaceutical, | 4, Sigma-Aldrich
Veterinary Agent Corporation
Flavonoid, . .
Genistein 446-72-0 Heterocyclic Natural Product, 98.8 Sigma-Aldrich
Pharmaceutical Corporation
Compound
Haloperidol 52-86-8 Ketone Pha@aceutlcal, >99.0 Slgma-Aldrlch
Veterinary Agent Corporation
Hydroxyflutamide 52806-53-8 Amide Pharmaceutical 99.4 LKT in?lcératorles,
Flavonoid, :
Kaempferol 520-18-3 Heterocyclic Natural Product 99.0 INDOFINE Chemical
Company, Inc.
Compound
Hydrocarbon .. .
Kepone 143-50-0 (Halogenated) Pesticide >99.9 Supelco Analytical
Ketoconazole 65277-42-1 Heterocyclic Pharmaceutical >99.0 Slgma-AIerch
Compound Corporation
L-Thyroxine 51-48-9 Amino Acid Pharmaceutical, 98.0 Sigma-Aldrich
Veterinary Agent Corporation
Linuron 330-55-2 Urea Herbicide 99.5 Chem Service, Inc.
Medroxyprogesterone 71-58-9 Steroid Pharmaceutical 99.0 Slgma-AIerch
acetate Corporation
. Pharmaceutical, . .
meso-Hexestrol 84-16-2 Steroid . 99.3 City Chemical LLC
Veterinary Agent
Methyl testosterone 58-18-4 Steroid Phamaceutlcal, 99.0 Slgma-AlQrwh
Veterinary Agent Corporation
Mifepristone 84371-65-3 Steroid Pharmaceutical 99.1 Sigma-Aldrich

Corporation
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MeSH Chemical

Purity

Substance CASRN Class® Product Class” A Manufacturer
Flavonoid, D};)er,olzllsilral
Morin 480-16-0 Heterocyclic Pharmaceu&cal 95.3 TCI America
Compound Intermediate
Heterocyclic . .
Nilutamide 63612-50-0 Compound, Pharmaceutical 100.0 Slcg:rla;ﬂgggh
Imidazole P
Norethynodrel 68-23-5 Steroid Pharmaceutical =95.0 Research Plus Inc.
o,p’-DDT 789-02-6 Hydrocarbon Pesticide 98.9 Chem Service, Inc.
(Halogenated)
Heterocyclic Pharmaceutical, Sigma-Aldrich
Oxazepam 604-75-1 Compound Veterinary Agent 9.3 Corporation
Chemical
p-n-Nonylphenol 104-40-5 Phenol Intermediate 99.6 Alfa Aesar GmbH
s Hydrocarbon Pesticide, .
p,p’- Methoxychlor 72-43-5 (Halogenated) Veterinary Agent 99.1 Chem Service, Inc.
R Hydrocarbon Pesticide Sigma-Aldrich
pp’-DDE 72359 (Halogenated) Intermediate 99.0 Corporation
Heterocyclic . .
Phenobarbital 50-06-6 Compound, Pharmaceutical, |, 5 | Spectrum Chemical
e Veterinary Agent Manufacturing Corp.
Pyrimidine
. Carboxylic Acid, Dye, Laboratory Sigma-Aldrich
Phenolpthalin 81-90-3 Phenol Chemical 93.0 Corporation
Pimozide 2062-78-4 Heterocyclic Pharmaceutical >99.0 Slgma-AIerch
Compound Corporation
Procymidone 32809-16-8 CPolycychc Fungicide 99.0 Chem Service, Inc.
ompound
Progesterone 57-83-0 Steroid 5;12?;?;‘1222; =99.0 Slcg(r)nr;;/;\;tciggh
Heterocyclic . . .
Propylthiouracil 51-52-5 Compound, \};:taeﬁiceuzczk .| 1000 Sggla;ﬂgggh
Pyrimidine y Ag P
Raloxifene HCI 82640-04- |  Hydrocarbon Pharmaceutical | 100.0 Sigma-Aldrich
(Cyclic) Corporation
Heterocyclic . . .
Reserpine 50-55-5 Compound, Pharmaceutical, 98.0 Sigma-Aldrich
Veterinary Agent Corporation
Indole
Resveratrol 501-36-0 Hydrocgrbon Natural Product =99.0 Slgma-AIerch
(Cyclic) Corporation
Chemical
. . Azide, Salt Intermediate, Sigma-Aldrich
Sodium azide 26628-22-8 (Inorganic) Fungicide, 9.7 Corporation
Herbicide
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Substance cAsrN | MeSH Chemical |y o4t Class® Pl:,my Manufacturer
Class (%)

Spironolactone 52-01-7 Lactone, Steroid Pharmaceutical 99.7 Slgma-Al@rlch
Corporation

Tamoxifen 10540-29-1 Hydrocgrbon Pharmaceutical =99.0 Slgma-AIerch
(Cyclic) Corporation

Testosterone 58-22-0 Steroid Pharmaceutical, >99.0 Sigma-Aldrich
Veterinary Agent Corporation

Vinclozolin 50471-44- | Heterocyclic Fungicide 99.5 Chem Service, Inc.
Compound

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); MeSH = Medical Subject Headings (U.S.
National Library of Medicine).

a

Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject
Headings (MeSH), an internationally recognized standardized classification scheme (available at
http://www.nlm.nih.gov/mesh).

Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

The following sections describe the subsets of this list that were used to evaluate BG1Luc ER TA test
method accuracy and reproducibility, as well as the rationale for selection of each subset. The data
and rationale used to establish a reference classification for each of the 78 substances are also
discussed.

3.2 Substances Used to Evaluate Test Method Accuracy

Accuracy is the closeness of agreement between a test method result and an accepted reference value,
the extent to which a test method obtains the “correct” answer. It is a measure of test method
performance. The ICCVAM list of 78 recommended reference substances was developed to assess
test method performance of four different test methods: (1) ER binding, (2) ER TA, (3) AR binding,
and (4) AR TA. Each test method has its own unique set of “correct” classifications for these
substances. However, this validation study focused only on the ER TA and on the ability of the
BG1Luc ER TA test method to detect substances with in vitro ER TA agonist or antagonist activity.
Therefore, each of the 78 reference substances was assigned a classification specific for ER TA
agonist and ER TA antagonist activity based on a preponderance of evidence found in a review of the
scientific literature.

NICEATM conducted a broad literature search using online sources including Scopus® (Elsevier
BV), PubMed” (U.S. National Library of Medicine), and Web of Science®™ (Thomson Reuters).
Publically available information from U.S. government agencies and the OECD was also considered.
This search strategy yielded 103 publications with relevant ER TA data. The following information
was extracted from each reference and is provided in Annex N:

* Name and purity of the substance being tested

* Characteristics of cell line (e.g., name of cell line, tissue of origin)

* Reporter gene construct (e.g., ER source, reporter vector, endpoint measured, whether cell
toxicity measurements were made, and transfection method [i.e., whether stable or transient])

* Assay type (i.e., agonism or antagonisim)

* Any relevant quantitative information (e.g., ICso, ECs)
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There was considerable disparity in the number of ER TA references applicable to each substance.
Therefore, the following criteria were used to classify each reference substance with respect to ER
TA agonist and antagonist activity:

Table 3-2 provides the following information:

A substance was classified as positive (POS) if it was reported as positive in >50% of referenced
ER TA studies.

A substance was classified as negative (NEQG) if it was reported as negative in all referenced ER
TA studies (at least two studies were required for negative classification).

A substance was classified as presumed positive (PP) if it was positive in 50% or fewer
referenced ER TA studies or if it was reported as positive in the single study conducted.

A substance was classified as presumed negative (PN) if it was reported as negative in a single

ER TA study.

Substances without data were classified as PP or PN based on other available information,
including their known mechanism of action or their responses in other ER assays.

A summary of the literature findings
Results from the validation studies of the CERI-STTA and OECD uterotrophic methods for all

78 ICCVAM reference substances. (See Section 3.3 for discussion of the CERI-STTA, an ER TA
test method adopted in the United States as EPA OPPTS 890.1300 and internationally as OECD

TG 455.)
* Resulting ER TA classifications for agonist and antagonist activity based on the criteria provided
above
Table 3-2 Reference Data Summary for ER Agonist and Antagonist TA Assays
ER TA ER TA - CERI .
ICC\;?IK tl:leliirence CASRN Agonist Antagonist El:c]:ll:]ll(:l?g ERTA Ut:‘:::::;)p tnc
Activity® Activity” ¥ Activity* ty
12-0-
Tetradecanoylphorbol-13- | 16561-29-8 PN (NT) PN (NT) PN (NT) NT NT
acetate
170 Estradiol 57-91-0 POS (10/10) PN (0/1) POS (15/15) POS POS (NT/+)
170 Ethinyl estradiol 57-63-6 POS (21/21) NEG (0/9) POS (32/32) POS POS (+/+)
178 Estradiol 50-28-2 POS (226/226) PN (0/1) POS (160/160) POS NT
178-Trenbolone 10161-33-8 PP (1/1) PN (NT) PN (NT) POS NT
19-Nortestosterone* 434-22-0 POS (3/3) PN (NT) PP (1/7) NT NT
2-sec-Butylphenol 89-72-5 PN (0/1) PN (NT) POS (2/2) NEG NT
2,4,5-
Trichlorophenoxyacetic 93-76-5 PP (1/3) PN (0/2) PP (1/3) NT NT
acid
4-Androstenedione 63-05-8 PP (1/1) PN (0/1) PP (1/5) NEG NT
4-Cumylphenol 599-64-4 POS (4/4) PN (NT) POS (3/3) POS NT
4-
Hydroxyandrostenedione* 566-48-3 PP (1/2) PN (NT) PP (NT) NT NT
4-Hydroxytamoxifen 68047-06-3 PP (17/56) POS (27/27) POS (36/36) NT NT
4-tert-Octylphenol 140-66-9 POS (20/23) PN (NT) POS (20/20) POS POS (NT/+)
Sa-Dihydrotestosterone 521-18-6 POS (15/17) NEG (0/3) POS (17/18) NT POS (NT/+)
Actinomycin D 50-76-0 PN (NT) PN (NT) PN (NT) NT NT
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ICCVAM Reference | coquy | Agonist | Antugonist | ERBinding | gp | Uterotrophi
Activity® Activity” y Activity* ctivity
Ammonium perchlorate 7790-98-9 PN (NT) PN (NT) PN (NT) NT NT
Apigenin 520-36-5 POS (25/25) NEG (0/11) POS POS NT
Apomorphine 58-00-4 PN (NT) PN (NT) PN (NT) NT NT
Atrazine 1912-24-9 NEG (0/29) PN (0/1) PP (2/19) NEG NT
Bicalutamide 90357-06-5 NEG (0/5) PN (NT) PN (NT) NT NT
Bisphenol A 80-05-7 POS (64/64) NEG (0/12) POS (46/47) POS POS (+/+)
Bisphenol B 77-40-7 POS (5/5) PN (0/1) POS (2/2) POS POS (NT/+)
Butylbenzyl phthalate 85-68-7 POS (11/13) NEG (0/3) POS (10/19) POS NEG (-/-)
Chrysin* 480-40-0 POS (6/9) NEG (0/4) PP (2/10) NT NT
Clomiphene citrate 50-41-9 POS (3/4) PP (1/1) POS (8/8) POS NT
Corticosterone 50-22-6 NEG (0/5) PN (0/2) NEG (0/6) NEG NT
Coumestrol 479-13-0 POS (29/29) NEG (0/8) POS (38/38) POS NT
Cycloheximide 66-81-9 PN (NT) PP (NT) PN (NT) NT NT
Cyproterone acetate 427-51-0 PP (1/6) PN (0/1) PP (1/2) NT NT
Daidzein 486-66-8 POS (38/38) NEG (0/6) POS (32/35) POS POS (NT/+)
Dexamethasone 50-02-2 PP (2/6) PN (NT) PP (1/4) NT NT
Di-n-butyl phthalate 84-74-2 PP (5/10) NEG (0/3) POS (7/13) NT NEG (-/-)
Dibenzo[a,h] anthracene 53-70-3 PP (1/2) PP (NT) PN (0/1) NT NT
Dicofol* 115-32-2 POS (4/6) NEG (0/2) POS (2/2) NT NT
Diethylhexyl phthalate 117-81-7 PP (4/9) NEG (0/3) PP (4/8) NEG NEG (NT/-)
Diethylstilbestrol 56-53-1 POS (41/41) NEG (0/2) POS (52/52) POS NT
Estrone 53-16-7 POS (25/27) PN (0/1) POS (29/29) POS POS (NT/+)
Ethyl paraben 120-47-8 POS (5/5) PN (NT) POS (4/5) POS NT
Fenarimol 60168-88-9 POS (5/6) PN (0/1) POS (2/2) NT NT
Finasteride 98319-26-7 PN (NT) PN (0/1) PN (0/1) NT NT
Flavone 525-82-6 PP (2/5) PN (0/1) PP (3/13) NT NT
Fluoranthene 206-44-0 PN (NT) PN (NT) PN (0/1) NT NT
Fluoxymestrone 76-43-7 PN (NT) PN (NT) PN (0/1) NT NT
Flutamide 13311-84-7 NEG (0/5) PN (0/1) NEG (0/2) NT NT
Genistein 446-72-0 POS (99/101) NEG (0/13) POS (64/64) POS POS (+/1)
Haloperidol 52-86-8 PN (0/1) PN (NT) PN (0/1) NT NT
Hydroxyflutamide 52806-53-8 NEG (0/2) PN (NT) PP (1/4) NT NT
Kaempferol 520-18-3 POS (22/22) NEG (0/9) POS (19/19) POS NT
Kepone 143-50-0 POS (13/17) NEG (0/2) POS (14/15) POS NT
Ketoconazole 65277-42-1 PN (0/1) PN (NT) PN (0/1) NEG NT
L-Thyroxine 51-48-9 POS (2/3) PN (NT) POS (2/2) NT NT
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ICCVAM Reference | coquy | Agonist | Antagonise | ERBinding | gp | Uterotrophi
Activity® Activity” y Activity* ctivity
Linuron 330-55-2 NEG (0/7) PN (NT) POS (2/3) NEG NT
x:f;t‘:‘ypmgemrone 71-58-9 PP (112) PN (0/1) POS (2/2) NEG NT
meso-Hexestrol 84-16-2 POS (3/3) PN (NT) POS (11/11) NT NT
Methyl testosterone 58-18-4 POS (4/5) PN (0/1) POS (2/3) POS NT
Mifepristone 84371-65-3 PP (3/6) NEG (0/3) POS (4/6) NEG NT
Morin 480-16-0 PP (1/1) PN (NT) POS (3/3) POS NT
Nilutamide 63612-50-0 PN (NT) PN (NT) PN (NT) NT NT
Norethynodrel 68-23-5 POS (4/4) NEG (0/2) POS (7/7) POS NT
0,p-DDT 789-02-6 POS (24/25) NEG (0/3) POS (20/22) NT POS (+/NT)
Oxazepam 604-75-1 PN (NT) PN (NT) PN (NT) NT NT
p-n-Nonylphenol 104-40-5 POS (9/9) NEG (0/2) POS (21/21) NEG IC (+/-)
p.p-DDE 72-559 POS (5/7) NEG (2/2) PP (5/15) NT NT
p.p ~Methoxychlor 72-43-5 POS (23/26) PP (1/5) POS (16/26) POS IC (+/-)
Phenobarbital 50-06-6 NEG (0/2) PN (NT) PN (0/1) NT NT
Phenolphthalin 81-90-3 PN (0/1) PN (NT) POS (2/2) NEG NT
Pimozide 2062-78-4 PN (NT) PN (NT) PN (NT) NT NT
Procymidone 32809-16-8 NEG (0/4) PN (NT) PP (2/5) NT NT
Progesterone 57-83-0 PP (3/15) NEG (0/2) PP (2/20) NEG NT
Propylthiouracil 51-52-5 PN (NT) PN (NT) PN (NT) NT NT
Raloxifene HC1* 82640-04-8 PP (7/31) POS (13/13) POS (16/16) NEG NT
Reserpine 50-55-5 PN (0/1) PN (NT) PN (0/1) NEG NT
Resveratrol* 501-36-0 POS (24/37) NEG (0/16) POS (9/12) NT NT
Sodium azide 26628-22-8 PN (0/1) PN (NT) PN (NT) NT NT
Spironolactone 52-01-7 NEG (0/3) PN (NT) PN (0/1) NEG NT
Tamoxifen 10540-29-1 POS (15/22) POS (20/22) POS (46/46) POS NT
Testosterone 58-22-0 PP (4/9) PN (0/1) PP (5/12) POS NT
Vinclozolin 50471-44-8 PP (6/13) PN (0/1) POS (3/5) POS NT

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); CERI = Chemicals Evaluation and
Research Institute, Japan; ER = estrogen receptor; IC = inconclusive; ICCVAM = Interagency Coordinating Committee
on the Validation of Alternative Methods; NEG = negative; NT = not tested; PN = presumed negative; POS = positive;

PP = presumed positive; TA = transcriptional activation.

* Substance in original list ICCVAM 2003a) was replaced in the Finalized Addendum to ICCVAM Evaluation of In Vitro
Test Methods for Detecting Potential Endocrine Disruptors (ICCVAM 2006) due to excessive cost or limited availability.

literature update.

Values in parentheses are the number of positive ER TA antagonist studies/total number of studies (2010).
Values in parentheses are the number of positive binding studies/total number of studies (2010).
Chemicals Evaluation and Research Institute (CERI), Japan, evaluated substances using the OECD Stably Transfected

Values in parentheses are the number of positive ER TA agonist studies/total number of studies identified in the 2010

Human Estrogen Receptor-o Transcriptional Activation Assay for Detection of Estrogenic Agonist-Activity, described in
OECD Test Guideline (TG) 455 (OECD 2009; Takeyoshi 2006).
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Values in parentheses are the in vivo uterotrophic classifications using OECD study data/CERI study data (Kanno et al.
2003a, 2003b; Takeyoshi 2006). A consensus in vivo uterotrophic classification was made when OECD and CERI data
were in agreement. When in vivo uterotrophic data from OECD and CERI provided conflicting classifications, the overall
classification was “inconclusive” (IC).

Of the 78 substances listed in Table 3-2, only those substances that could be definitively classified as
POS or NEG were used to assess test method accuracy (substances classified as PP or PN were not
considered). This resulted in the use of 48 unique substances to assess accuracy. Separate lists were
generated for evaluating accuracy based on agonist (42 substances: 33 positive, 9 negative) and
antagonist (25 substances: 3 positive, 22 negative) activity. Nineteen substances were common to
both reference lists. The 42 reference substances used to assess accuracy based on ER agonist activity
are listed in Table 3-3, and the 25 reference substances used to assess accuracy based on ER
antagonist activity are provided in Table 3-4. Substances that were classified as positive but for
which ECs, values were not reported are shown as “not calculated” (NC).

Table 3-3 Test Substances Used for Statistical Determination of ER TA Agonist Assay

Accuracy
Substance CASRN IC%‘::;Sfﬁf:t‘i‘;zEs“s Mean ECsp (M)®

170-Estradiol 57-91-0 POS 1.92 x 107
17a-Ethinyl estradiol 57-63-6 POS 2.44 x 107
178-Estradiol 50-28-2 POS 133 x10%
19-Nortestosterone 434-22-0 POS 1.30 x 1077
4-Cumylphenol 599-64-4 POS 3.22x 107
4-tert-Octylphenol 140-66-9 POS 454 x10°
Sa-Dihydrotestosterone 521-18-6 POS 2.50 x 107
Apigenin 520-36-5 POS 7.64 x 107
Atrazine 1912-24-9 NEG NA

Bicalutamide 90357-06-5 NEG NA

Bisphenol A 80-05-7 POS 3.69 x 10°°
Bisphenol B 77-40-7 POS 4.18 x 107
Butylbenzyl phthalate 85-68-7 POS 5.10 x 107
Chrysin 480-40-0 POS NC

Clomiphene citrate 50-41-9 POS 5.00 x 107
Corticosterone 50-22-6 NEG NA

Coumestrol 479-13-0 POS 2.00 x 107
Daidzein 486-66-8 POS 3.05 x 10
Dicofol 115-32-2 POS 7.05 x 10
Diethylstilbestrol 56-53-1 POS 1.29 x 107
Estrone 53-16-7 POS 8.33x 10*
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Substance casrN | TCQUAM CONSEASUS | Nean BCy) (M)
Ethyl paraben 120-47-8 POS 5.00 x 10”
Fenarimol 60168-88-9 POS 7.00 x 10°°
Flutamide 13311-84-7 NEG NA
Genistein 446-72-0 POS 1.66 x 107
Hydroxyflutamide 52806-53-8 NEG NA
Kaempferol 520-18-3 POS 1.60 x 107
Kepone 143-50-0 POS NC
L-Thyroxine 51-48-9 POS 5.00 x 107
Linuron 330-55-2 NEG NA
meso-Hexestrol 84-16-2 POS 1.13x 10
Methyl testosterone 58-18-4 POS 1.38 x 10
Norethynodrel 68-23-5 POS 6.59 x 107
o,p’-DDT 789-02-6 POS 1.67 x 10
p-n-Nonylphenol 104-40-5 POS 1.59 x 107
p.p’-Methoxychlor 72-43-5 POS 1.56 x 10
p.p’-DDE 72-55-9 POS 3.00 x 107
Phenobarbital 50-06-6 NEG NA
Procymidone 32809-16-8 NEG NA
Resveratrol 501-36-0 POS 7.86 x 10°°
Spironolactone 52-01-7 NEG NA
Tamoxifen 10540-29-1 POS 1.35x10°

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); ECs, = half-maximal effective
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar;
NA = not applicable; NC = not calculated; NEG = negative; POS = positive.

Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic
response.

Mean ECs calculated from values reported in the literature.
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Table 3-4 Test Substances Used for Statistical Determination of ER TA Antagonist Assay

Accuracy

Substance CASRN ICCCYgls\?ﬁS;’t‘i‘Zfl‘a‘S“s Mean ICsy (M)
17a~Ethinyl estradiol 57-63-6 NEG NA
4-Hydroxytamoxifen 68047-06-3 POS 1.93 x 107
Sa-Dihydrotestosterone 521-18-6 NEG NA
Apigenin 520-36-5 NEG NA
Bisphenol A 80-05-7 NEG NA
Butylbenzyl phthalate 85-68-7 NEG NA
Chrysin 480-40-0 NEG NA
Coumestrol 479-13-0 NEG NA
Daidzein 486-66-8 NEG NA
Di-n-butyl phthalate 84-74-2 NEG NA
Dicofol 115-32-2 NEG NA
Diethylhexyl phthalate 117-81-7 NEG NA
Diethylstilbestrol 56-53-1 NEG NA
Genistein 446-72-0 NEG NA
Kaempferol 520-18-3 NEG NA
Kepone 143-50-0 NEG NA
Mifepristone 84371-65-3 NEG NA
Norethynodrel 68-23-5 NEG NA
o,p’-DDT 789-02-6 NEG NA
p-n-Nonylphenol 104-40-5 NEG NA
p.p -DDE 72-55-9 NEG NA
Progesterone 57-83-0 NEG NA
Raloxifene HCI 82640-04-8 POS 6.23 x 10
Resveratrol 501-36-0 NEG NA
Tamoxifen 10540-29-1 POS 1.26 x 10°°

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); ICs, = half-maximal inhibitory
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar;
NA = not applicable; NEG = negative; POS = positive.

Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic
response.

Mean IC; calculated from values reported in the literature.
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33 Substances Used to Evaluate Concordance with Other Accepted Methods

The primary accuracy evaluation described in Section 5.0 compares the test substance classification
by the BG1Luc ER TA test method to the ICCVAM reference classification of that same substance,
as outlined in Section 3.2. However, this evaluation also considered concordance with other methods
currently accepted by regulators to evaluate estrogenic activity. Following are the most commonly
used methods:

* [nvitro stably transfected transactivation assay (STTA) by the Japanese Chemicals Evaluation
and Research Institute (CERI) using the hERoa- HeLa-9903 cell line (CERI-STTA) for ER
agonists

* Invitro ER binding assays

*  [n vivo rodent uterotrophic bioassay

The substances used in the concordance analyses with each of these methods, and the rationale for
their selection, are detailed in Sections 3.3.1 to 3.3.3.

3.3.1 Substances Used to Evaluate BG1 Luc ER TA Concordance with the CERI-STTA

The in vitro assessment of ER TA activity is included in Tier 1 of the EPA’s EDSP screening battery
and has been incorporated into the OECD Conceptual Framework for the Testing and Assessment of
Endocrine Disrupting Chemicals as Level 2 assays to provide mechanistic information to prioritize
testing. At present, the CERI-STTA is the only in vitro ER TA test method that has been adopted by
regulatory agencies for identifying substances with potential ER agonist activity. This test method has
recently been adopted in the United States as OPPTS 890.1300: Estrogen Receptor Transcriptional
Activation (Human Cell Line [HeLa-9903]) (EPA 2009). Internationally, it has been adopted as
OECD TG 455 (OECD 2009). The hERa-HelL.a-9903 cell line is derived from a human cervical
tumor with two stably inserted constructs: (1) the hERa expression construct (encoding the full-
length human receptor) and (2) a firefly luciferase reporter construct bearing five tandem repeats of a
vitellogenin ERE driven by a mouse metallothionein promoter TATA element (OECD 2009;
Takeyoshi 2006).

There were 41 substances common to both the BG1Luc ER TA and CERI-STTA validation studies.
CERI-STTA data (ER TA agonist classifications) for these 41 reference substances are included in
Table 3-2. Using these data, ICCVAM compared concordance between agonist classifications from
the BG1Luc ER TA and CERI-STTA validation studies (Section 5).

3.3.2 Substances Used to Evaluate BG1Luc ER TA Concordance with In Vitro ER Binding
Test Methods

The in vitro assessment of ER binding activity is included in Tier 1 of the EPA’s EDSP screening
battery and has been incorporated into the OECD Conceptual Framework as Level 2 assays to provide
mechanistic information to prioritize testing. /n vitro ER binding assays identify substances that can
bind to the ER, whereas in vitro ER TA assays measure the ability of a test substance to activate or
inhibit the transactivation of a reporter gene via ER-mediated pathways. Accordingly, the ability of a
test substance to bind to the ER in vitro suggests (but does not demonstrate) the ability of the
substance to activate or inhibit in vitro ER-mediated transactivation. In order to determine the extent
of agreement between the BG1Luc ER TA and ER binding data, [CCVAM evaluated concordance
using data from the BG1Luc ER TA validation study and published ER binding data (Section 5).

Classification of the reference substances with respect to in vitro ER binding was based on a
preponderance of evidence found in a review of the scientific literature, as described for BG1Luc
ER TA assays in Section 3.2. Relevant information from 67 publications describing in vitro ER
binding data was extracted and is provided in Annex N.
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A summary of the ER binding literature data for all ICCVAM reference substances is provided in
Table 3-2, along with the resulting ER binding classifications.

3.3.3 Substances Used to Evaluate BG1Luc ER TA Concordance with the In Vivo
Uterotrophic Bioassay

As stated in OECD TG 440 (Uterotrophic Bioassay in Rodents), the uterotrophic bioassay is a short-
term screening test that evaluates the ability of a substance to elicit estrogenic activity (Kanno et al.
2003a, 2003b; OECD 2007; Owens and Koeter 2003). In this in vivo test method, the uterus responds
to estrogens initially with an increase in weight resulting from water inbibition, followed by further
weight gain due to increased tissue growth. The uterotrophic bioassay is included in Level 3 of the
OECD Conceptual Framework as an in vivo assay providing data about estrogenicity. The rat
uterotrophic bioassay is also included as one of the in vivo methods in the EPA’s EDSP Tier 1
screening battery. In order to determine the extent of agreement between the BG1Luc ER TA test
method and the rat uterotrophic bioassay, ICCVAM conducted a concordance evaluation using data
from the BG1Luc ER TA validation study and published uterotrophic bioassay data (Section 5).

Classification of the reference substances with respect to in vivo rodent uterotrophic activity was
based on data from studies sponsored by the OECD (OECD 2007) and studies that were conducted in
conjunction with CERI (ER TA assay validation studies) (Kanno et al. 2003a, 2003b). Combined,
these studies tested 15 substances from the list of 78 ICCVAM reference substances. The in vivo
uterotrophic data used to compare BG1Luc ER TA validation study agonist results were selected
using the following criteria:

* Substances that tested positive in both the OECD and CERI studies (three substances)

* Substances that tested negative in both the OECD and CERI studies (two substances)

* Substances that tested positive or negative in at least one OECD or CERI study but that were not
tested in both studies (seven positive and one negative)

Two substances were positive in one study but negative in the other. These substances were defined
as “inconclusive” and were not used in the comparison.

Classification of the 15 reference substances with respect to uterotrophic activity is provided in
Table 3-2.

34 Substances Tested in Each Phase of Validation

As described in Section 1.0, the test method validation was conducted in four consecutive phases in
order to identify and resolve sources of variation early in the validation process. During Phase 1 of
the validation, the three participating centers ICCVAM, ECVAM, and JaCVAM) generated
historical databases. In Phases 2 through 4, the 78 ICCVAM reference substances were tested.
Substances used in each phase of the agonist and antagonist testing are listed in Table 3-5 and
Table 3-6, respectively.
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Table 3-5 Agonist Substances by Study Phase
ICCVAM
Study Substance CASRN MeSH a | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
Pharmaceutical,
1 17B-Estradiol 50-28-2 Steroid Veterinary POS
Agent
Hydrocarbon Pesti(.:ide,
1 p-p’-Methoxychlor 72-43-5 (Halogenated) Veterinary POS
Agent
Chemical
. Intermediate,
2a Bisphenol A 80-05-7 Phenol Flame Retardant, POS
Fungicide
Chemical
. Intermediate,
2a Bisphenol B 77-40-7 Phenol Flame Retardant, POS
Fungicide
2a Corticosterone 50-22-6 Steroid Pharmaceutical NEG
Hvdrocarbon Pharmaceutical,
2a Diethylstilbestrol 56-53-1 y . Veterinary POS
(Cyclic) A
gent
Pharmaceutical,
2b 170-Ethinyl estradiol 57-63-6 Steroid Veterinary POS
Agent
2b | Atrazine 1912249 | Heterocyclic Herbicide NEG
Compound
. . Pharmaceutical
Carboxylic Acid, . ’
2b Butylbenzyl phthalate 85-68-7 Phthalic Acid Veterinary POS
Agent
Flavonoid,
2b Flavone 525-82-6 Heterocyclic Natural Prodpct, PP
Pharmaceutical
Compound
Flavonoid,
2b Genistein 446-72-0 Heterocyclic Natural Prod.uct, POS
Pharmaceutical
Compound
s Hydrocarbon ..
2b o,p’-DDT 789-02-6 (Halogenated) Pesticide POS
2b -n-Nonylphenol 104-40-5 Phenol Chemical POS
p yip Intermediate
2b Vinclozolin 50471-44-8 Heterocyclic Fungicide PP
Compound
12-0- Hydrocarbon Laborato
3 Tetradecanoylphorbol- | 16561-29-8 y . ory PN
13-acetate (Cyclic) Chemical

C-69




ICCVAM BGI1Luc ER TA Evaluation Report

ICCVAM
Study Substance CASRN MeSH a | Product Class’ Consensus
Phase Chemical Class . . e
Classification
Pharmaceutical,
3 17a-Estradiol 57-91-0 Steroid Veterinary POS
Agent
Pharmaceutical,
3 17B-Estradiol 50-28-2 Steroid Veterinary POS
Agent
Chemical
Intermediate,
3 2-sec-Butylphenol 89-72-5 Phenol Pesticide PN
Intermediate,
Plasticizer
2,4,5-
3 Trichlorophenoxyacetic 93-76-5 Carboxylic Acid Herbicide PP
acid
3 4-Androstenedione 63-05-8 Steroid Pharmaceutical PP
Chemical
3 4-Cumylphenol 599-64-4 Phenol Intermediate POS
. Hydrocarbon .
3 4-Hydroxytamoxifen 68047-06-3 . Pharmaceutical PP
(Cyclic)
Chemical
3 | 4ctert-Octylphenol 140-66-9 Phenol Intermediate, POS
Pharmaceutical
Intermediate
3 Sa-Dihydrotestosterone | 521-18-6 Steroid Pharmaceutical POS
Heterocyclic Laborgtory
Compound Chemical,
3| Actinomycin D 50-76-0 Poul™ | Pharmaceutical, PN
Polycyclic .
Compound Veterinary
Agent
Dye, Natural
L Heterocyclic Product,
3 Apigenin 520-36-5 Compound Pharmaceutical POS
Intermediate
Amine,
3 Clomiphene citrate 50-41-9 Carboxylic A.Cld’ Pharmaceutical POS
Heterocyclic
Compound
3 | Coumestrol 479-13-0 | Heteroeyelic |\ ral Product POS
Compound
Flavonoid,
3 Daidzein 486-66-8 Heterocyclic Natural Product POS
Compound
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ICCVAM
Study Substance CASRN MeSH . | Product Class” Consensus
Phase Chemical Class . . e
Classification
Pharmaceutical,
3 Dexamethasone 50-02-2 Steroid Veterinary PP
Agent
Cosmetic
Ester, Phthalic Ingredient,
3 Di-n-butyl phthalate 84-74-2 o Industrial PP
Acid .
Chemical,
Plasticizer
Polvevelic Laboratory
3 Dibenzo[a,h]anthracene 53-70-3 Coti }c/)un d Chemical, PP
p Natural Product
Hydrocarbon
3 Dicofol 115-32-2 (Cyclic), Pesticide POS
Hydrocarbon
(Halogenated)
Pesticide
3 Diethylhexyl phthalate 117-81-7 Phthalic Acid Intermediate, PP
Plasticizer
Pharmaceutical,
3 Estrone 53-16-7 Steroid Veterinary POS
Agent
Carboxylic Acid, | Pharmaceutical,
3 Ethyl paraben 120-47-8 Phenol Preservative POS
Industrial
Chemical,
3 | Fluoranthene 206-44-0 Polycyclic Laboratory PN
Compound Chemical,
Pharmaceutical
Intermediate
3 Hydroxyflutamide 52806-53-8 Amide Pharmaceutical NEG
Flavonoid,
3 Kaempferol 520-18-3 Heterocyclic Natural Product POS
Compound
3 Kepone 143-50-0 Hydrocarbon Pesticide POS
P (Halogenated)
Pharmaceutical,
3 meso-Hexestrol 84-16-2 Steroid Veterinary POS
Agent
Pharmaceutical,
3 Methyl testosterone 58-18-4 Steroid Veterinary POS
Agent
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ICCVAM
Study Substance CASRN MeSH a | Product Class’ Consensus
Phase Chemical Class . . e
Classification
Flavonoid, D}{)er,ol(\ilzgral
3 Morin 480-16-0 Heterocyclic ’. PP
Compound Pharmaceutical
p Intermediate
3 Norethynodrel 68-23-5 Steroid Pharmaceutical POS
Hydrocarbon Pesticide,
3 p,p’-Methoxychlor 72-43-5 (Halogenated) Veterinary POS
Agent
s Hydrocarbon Pesticide
3 p-p’-DDE 72-35-9 (Halogenated) Intermediate POS
Heterocyclic Pharmaceutical,
3 Phenobarbital 50-06-6 Compound, Veterinary NEG
Pyrimidine Agent
. Carboxylic Acid, | Dye, Laboratory
3 Phenolpthalin 81-90-3 Phenol Chemical PN
Pharmaceutical,
3 Progesterone 57-83-0 Steroid Veterinary PP
Agent
Heterocyclic Pharmaceutical,
3 Propylthiouracil 51-52-5 Compound, Veterinary PN
Pyrimidine Agent
. Hydrocarbon .
3 Raloxifene HCl 82640-04-8 . Pharmaceutical PP
(Cyclic)
3 Resveratrol 501-36-0 Hydrocqrbon Natural Product POS
(Cyclic)
Chemical
3 Sodium azide 26628-22-8 Azide, S?It Interm.e @ate, PN
(Inorganic) Fungicide,
Herbicide
3 Tamoxifen 10540-29-1 | Hydrocarbon oy aceutical POS
(Cyclic)
Pharmaceutical,
3 Testosterone 58-22-0 Steroid Veterinary PP
Agent
4 178-Trenbolone 10161-33-8 Steroid Pharmaceutical PP
Pharmaceutical,
4 19-Nortestosterone 434-22-0 Steroid Veterinary POS
Agent
4- . .
4 Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical PP
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ICCVAM
Study Substance CASRN MeSH . | Product Class” Consensus
Phase Chemical Class . . e
Classification
Industrial
Amine, Onium Chemical,
4 Ammonium perchlorate | 7790-98-9 ’ Laboratory PN
Compound .
Chemical,
Pharmaceutical
Heterocvelic Pharmaceutical,
4 Apomorphine 58-00-4 Y Veterinary PN
Compound
Agent
4 Bicalutamide 90357-06-5 Amide Pharmaceutical NEG
Flavonoid,
4 Chrysin 480-40-0 Heterocyclic Natural Product POS
Compound
Fungicide,
4 Cycloheximide 66-81-9 Heterocyclic Pharrnac.eutlcal, PN
Compound Veterinary
Agent
4 Cyproterone acetate 427-51-0 Steroid Pharmaceutical PP
Heterocyclic
4 Fenarimol 60168-88-9 Compound, Fungicide POS
Pyrimidine
4 Finasteride 98319-26-7 Steroid Pharmaceutical PN
4 Fluoxymestrone 76-43-7 Steroid Pharmaceutical PN
Pharmaceutical,
4 Flutamide 13311-84-7 Amide Veterinary NEG
Agent
Pharmaceutical,
4 Haloperidol 52-86-8 Ketone Veterinary PN
Agent
4 Ketoconazole 65277-42-1 Heterocyclic Pharmaceutical PN
Compound
Pharmaceutical,
4 L-Thyroxine 51-48-9 Amino Acid Veterinary POS
Agent
4 Linuron 330-55-2 Urea Herbicide NEG
4 Medroxyprogesterone 71-58-9 Steroid Pharmaceutical PP
acetate
4 Mifepristone 84371-65-3 Steroid Pharmaceutical PP
Heterocyclic
4 Nilutamide 63612-50-0 Compound, Pharmaceutical PN
Imidazole
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ICCVAM
Study Substance CASRN MeSH . | Product Class” Consensus
Phase Chemical Class . . e
Classification
Heteroevelic Pharmaceutical,
4 Oxazepam 604-75-1 Y Veterinary PN
Compound
Agent
4 | Pimozide 2062-78-4 | leteroeyelic by aceutical PN
Compound
4 | Procymidone 32809-16-8 | Lobveyelic Fungicide NEG
Compound
Heterocyclic Pharmaceutical,
4 Reserpine 50-55-5 Compound, Veterinary PN
Indole Agent
4 Spironolactone 52-01-7 Lactone, Steroid | Pharmaceutical NEG

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; MeSH= Medical Subject Headings (National Library of Medicine);
NEG = negative; PN = presumed negative; POS = positive; PP = presumed positive.

Headings (MeSH), an internationally recognized standardized classification scheme (available at
http://www.nlm.nih.gov/mesh).

Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject

Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous

Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic

response.
Table 3-6 Antagonist Substances by Study Phase
ICCVAM
Study Substance CASRN MeSH a | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
Pharmaceutical,
1 17B-Estradiol 50-28-2 Steroid Veterinary PN
Agent
Flavonoid, Natural
1 Flavone 525-82-6 Heterocyclic Product, PN
Compound Pharmaceutical
. Hydrocarbon .
1 Raloxifene HCl 82640-04-8 . Pharmaceutical POS
(Cyclic)
Polycyclic Laboratory
2a Dibenzo[a,k]anthracene 53-70-3 Cori }(;un d Chemical, PP
P Natural Product
2a | p-n-Nonylphenol 104-40-5 Phenol Chemical NEG
p yip Intermediate
Pharmaceutical,
2a Progesterone 57-83-0 Steroid Veterinary NEG
Agent
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ICCVAM
Study Substance CASRN MeSH . | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
2a Tamoxifen 10540-29-1 Hydroca.rbon Pharmaceutical POS
(Cyclic)
Dye, Natural
— Heterocyclic Product,
2b Apigenin 520-36-5 Compound Pharmaceutical NEG
Intermediate
. Heterocyclic ..
2b Atrazine 1912-24-9 Herbicide PN
Compound
. . Pharmaceutical
Carboxylic Acid, . ’
2b Butylbenzyl phthalate 85-68-7 Phthalic Acid Veterinary NEG
Agent
2b Corticosterone 50-22-6 Steroid Pharmaceutical PN
Flavonoid, Natural
2b Flavone 525-82-6 Heterocyclic Product, PN
Compound Pharmaceutical
Flavonoid, Natural
2b Genistein 446-72-0 Heterocyclic Product, NEG
Compound Pharmaceutical
, Hydrocarbon ..
2b o,p’-DDT 789-02-6 (Halogenated) Pesticide NEG
2b Resveratrol 501-36-0 Hydroca.rbon Natural Product NEG
(Cyclic)
12-0- Hydrocarbon Laborato
3 Tetradecanoylphorbol- 16561-29-8 y . oty PN
13- (Cyclic) Chemical
acetate
Pharmaceutical,
3 17a-Estradiol 57-91-0 Steroid Veterinary PN
Agent
Pharmaceutical,
3 170-Ethinyl estradiol 57-63-6 Steroid Veterinary NEG
Agent
Pharmaceutical,
3 17B-Estradiol 50-28-2 Steroid Veterinary PN
Agent
Chemical
Intermediate,
3 2-sec-Butylphenol 89-72-5 Phenol Pesticide PN
Intermediate,
Plasticizer
2,4,5-
3 Trichlorophenoxyacetic 93-76-5 Carboxylic Acid Herbicide PN

acid
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ICCVAM
Study Substance CASRN MeSH . | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
3 4-Androstenedione 63-05-8 Steroid Pharmaceutical PN
Chemical
3 4-Cumylphenol 599-64-4 Phenol Intermediate PN
. Hydrocarbon .
3 4-Hydroxytamoxifen 68047-06-3 . Pharmaceutical POS
(Cyclic)
Chemical
Intermediate,
3 4-tert-Octylphenol 140-66-9 Phenol Pharmaceutical PN
Intermediate
3 Sa-Dihydrotestosterone | 521-18-6 Steroid Pharmaceutical NEG
Heterocyclic Laborgtory
Compound Chemical,
3 Actinomycin D 50-76-0 pounc, Pharmaceutical, PN
Polycyclic .
Compound Veterinary
Agent
Chemical
Intermediate,
3 Bisphenol A 80-05-7 Phenol Flame NEG
Retardant,
Fungicide
Chemical
Intermediate,
3 Bisphenol B 77-40-7 Phenol Flame PN
Retardant,
Fungicide
Amine,
3 Clomiphene citrate 50-41-9 Carboxylic A.Cld’ Pharmaceutical PP
Heterocyclic
Compound
3 Coumestrol 479-13-0 Heterocyclic Natural Product NEG
Compound
Flavonoid,
3 Daidzein 486-66-8 Heterocyclic Natural Product NEG
Compound
Pharmaceutical,
3 Dexamethasone 50-02-2 Steroid Veterinary PN
Agent
Cosmetic
Ester, Phthalic Ingredient,
3 Di-n-butyl phthalate 84-74-2 o Industrial NEG
Acid .
Chemical,
Plasticizer
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ICCVAM
Study Substance CASRN MeSH . | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
Hydrocarbon
3 | Dicofol 115-32-2 (Cyclic), Pesticide NEG
Hydrocarbon
(Halogenated)
Pesticide
3 Diethylhexyl phthalate 117-81-7 Phthalic Acid Intermediate, NEG
Plasticizer
Hvdrocarbon Pharmaceutical,
3 Diethylstilbestrol 56-53-1 y . Veterinary NEG
(Cyclic)
Agent
Pharmaceutical,
3 Estrone 53-16-7 Steroid Veterinary PN
Agent
Carboxylic Acid, | Pharmaceutical,
3 Ethyl paraben 120-47-8 Phenol Preservative PN
Industrial
Chemical,
3 | Fluoranthene 206-44-0 Polycyclic Laboratory PN
Compound Chemical,
Pharmaceutical
Intermediate
3 Hydroxyflutamide 52806-53-8 Amide Pharmaceutical PN
Flavonoid,
3 Kaempferol 520-18-3 Heterocyclic Natural Product NEG
Compound
3 Kepone 143-50-0 Hydrocarbon Pesticide NEG
P (Halogenated)
Pharmaceutical,
3 meso-Hexestrol 84-16-2 Steroid Veterinary PN
Agent
Pharmaceutical,
3 Methyl testosterone 58-18-4 Steroid Veterinary PN
Agent
Flavonoid, D}i)er’ I(\iIatltlral
3 Morin 480-16-0 Heterocyclic oduct, PN
Compound Pharmaceutical
p Intermediate
3 Norethynodrel 68-23-5 Steroid Pharmaceutical NEG
S Hydrocarbon Pesticide
3 p.p’-DDE 72-53-9 (Halogenated) Intermediate NEG
Hydrocarbon Pesticide,
3 p,.p’- Methoxychlor 72-43-5 (Halogenated) Vie;ér;ilw PP
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ICCVAM
Study Substance CASRN MeSH . | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
Heterocyclic Pharmaceutical,
3 Phenobarbital 50-06-6 Compound, Veterinary PN
Pyrimidine Agent
. . Dye,
3 Phenolpthalin 81-90-3 Carboxylic Acid, Laboratory PN
Phenol .
Chemical
Heterocyclic Pharmaceutical,
3 Propylthiouracil 51-52-5 Compound, Veterinary PN
Pyrimidine Agent
. Hydrocarbon .
3 Raloxifene HCl 82640-04-8 . Pharmaceutical POS
(Cyclic)
Chemical
3| Sodium azide 26628-20-8 | Adde. Salt ) Intermediate, PN
(Inorganic) Fungicide,
Herbicide
Pharmaceutical,
3 Testosterone 58-22-0 Steroid Veterinary PN
Agent
3 Vinclozolin 50471-44-8 Heterocyclic Fungicide PN
Compound
4 17B-Trenbolone 10161-33-8 Steroid Pharmaceutical PN
Pharmaceutical,
4 19-Nortestosterone 434-22-0 Steroid Veterinary PN
Agent
4- . .
4 Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical PN
Industrial
Amine, Onium Chemical,
4 Ammonium perchlorate | 7790-98-9 ’ Laboratory PN
Compound .
Chemical,
Pharmaceutical
Heterocvelic Pharmaceutical,
4 Apomorphine 58-00-4 Y Veterinary PN
Compound
Agent
4 Bicalutamide 90357-06-5 Amide Pharmaceutical PN
Flavonoid,
4 Chrysin 480-40-0 Heterocyclic Natural Product NEG
Compound
Fungicide,
4 Cycloheximide 66-81-9 Heterocyclic Pharmaqeutlcal, PP
Compound Veterinary
Agent
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ICCVAM
Study Substance CASRN MeSH . | Product Class® Consensus
Phase Chemical Class . . ¢
Classification
4 Cyproterone acetate 427-51-0 Steroid Pharmaceutical PN
Heterocyclic
4 Fenarimol 60168-88-9 Compound, Fungicide PN
Pyrimidine
4 Finasteride 98319-26-7 Steroid Pharmaceutical PN
4 Fluoxymestrone 76-43-7 Steroid Pharmaceutical PN
Pharmaceutical,
4 Flutamide 13311-84-7 Amide Veterinary PN
Agent
Pharmaceutical,
4 Haloperidol 52-86-8 Ketone Veterinary PN
Agent
4 Ketoconazole 65277-42-1 Heterocyclic Pharmaceutical PN
Compound
Pharmaceutical,
4 L-Thyroxine 51-48-9 Amino Acid Veterinary PN
Agent
4 Linuron 330-55-2 Urea Herbicide PN
Medroxyprogesterone . .
4 71-58-9 Steroid Pharmaceutical PN
acetate
4 Mifepristone 84371-65-3 Steroid Pharmaceutical NEG
Heterocyclic
4 Nilutamide 63612-50-0 Compound, Pharmaceutical PN
Imidazole
Heteroevelic Pharmaceutical,
4 Oxazepam 604-75-1 Y Veterinary PN
Compound
Agent
4 | Pimozide 2062-78-4 | Heterocyelic by haceutical PN
Compound
4 | Procymidone 32809-16-8 Polycyclic Fungicide PN
Compound
Heterocyclic Pharmaceutical,
4 Reserpine 50-55-5 Compound, Veterinary PN
Indole Agent
4 Spironolactone 52-01-7 Lactone, Steroid | Pharmaceutical PN

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); Interagency Coordinating Committee on
the Validation of Alternative Methods; MeSH = Medical Subject Headings (National Library of Medicine);
NEG = negative; PN = presumed negative; POS = positive; PP = presumed positive.
* Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject
Headings (MeSH), an internationally recognized standardized classification scheme (available at
http://www.nlm.nih.gov/mesh).
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Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic
response.

3.5 Substances Used to Assess Intralaboratory Reproducibility

Intralaboratory reproducibility was assessed using data generated by testing the 12 coded reference
substances in Phase 2. Each of the 12 was tested three times on three separate days. The substances
tested in Phase 2 that were used to assess intralaboratory reproducibility of the agonist test methods
are listed in Table 3-5. Those that were used to assess intralaboratory reproducibility of antagonist

test methods are listed in Table 3-6.

3.6 Substances Used to Assess Interlaboratory Reproducibility

Because this validation study was conducted in four phases, not all substances were tested in all
laboratories. Consequently, only those coded substances tested in all three laboratories (Phase 2 and
Phase 3) could be used to assess interlaboratory reproducibility. The 53 substances tested in Phase 2
and Phase 3 that were used to assess interlaboratory reproducibility of the agonist and antagonist test
methods are listed in Table 3-5 and Table 3-6, respectively.

3.7 Chemical Classes Represented in the List of Substances

The chemical classes shown for each of the 78 reference substances were assigned by the U.S.
National Library of Medicine’s Medical Subject Headings (MeSH"; available at
http://www.nlm.nih.gov/mesh), an internationally recognized standardized classification scheme. The
distribution of substances by chemical class is provided in Table 3-7.

Table 3-7 Distribution of Reference Substances by Chemical Class
MeSH Chemical Class® All Substances S:Zit:il;:e:clcjzigcf;r iﬁ:’:g?;::g::fr?c;
Amides 3 3 1
Amines 2 1 0
Amino Acids 1 1 0
Azides 1 0 0
Carboxylic Acids 5 4 1
Esters 2 0 0
Flavonoids 8 7 1
Heterocyclic Compounds 22 12 3
Hydrocarbons (Cyclic) 4 2
Hydrocarbons (Halogenated) 5 5 3
Imidazoles 1 0 0
Indoles 1 0 0
Ketones 1 1 0
Lactones 1 1 0
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MeSH Chemical Class®

All Substances

Substances Used for
Agonist Accuracy

Substances Used for
Antagonist Accuracy

Onium Compounds 1 0 0
Phenols 8 8 1
Phthalic Acids 3 1 1
Polycyclic Compounds 4 1 0
Pyrimindines 3 2 1
Salts (Inorganic) 1 1 0
Steroids 22 12 5
Ureas 1 1 0

Abbreviations: MeSH = Medical Subject Headings (National Library of Medicine).
* Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject
Headings (MeSH), an internationally recognized standardized classification scheme (available at

http://www.nlm.nih.gov/mesh).

3.8 Product Classes Represented in the List of Substances

The product classes assigned to each reference substance are based on information obtained from the
U.S. National Library of Medicine’s Hazardous Substances Data Bank (available at
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). For in vitro ER test methods, the distribution
of substances by product class is provided in Table 3-8.

Table 3-8 Distribution of Reference Substances by Product Class
Product Class® Al substances | T cemracy | Antagonist Accuracy
Chemical Intermediate 7 7 1
Cosmetic Ingredient 1 0 0
Dye 3 3 0
Flame Retardant 2 2 1
Fungicide 7 5 2
Herbicide 4 3 1
Industrial Chemical 4 0 0
Laboratory Chemical 6 1 0
Natural Product 10 8 1
Pesticide 4 4 2
Pesticide Intermediate 3 2 1
Pharmaceutical 46 25 10
Pharmaceutical Intermediate 4 3 0
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Plasticizer 4 1 0
Preservative 1 1 0
Veterinary Agent 22 13 3

* Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous
Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB).

3.9 Test Substance Procurement, Coding, and Distribution

On behalf of NICEATM, the National Toxicology Program Substances Inventory (NTPSI) procured
and distributed all reference standards and controls to the participating laboratories, with the
exception of some that were classified as controlled substances (i.e., 4-androstenedione,
Sa-dihydrotestosterone, methyl testosterone, testosterone, and phenobarbital). To avoid the extensive
amount of documentation required (and associated delays) to import controlled substances, ECVAM
and JaCVAM made efforts to procure these specific substances from their regional suppliers.
ECVAM procured methyl testosterone and phenobarbital from EU-based suppliers but not
4-androstenedione, Sa-dihydrotestosterone, or testosterone. Therefore, ECVAM obtained the required
EU regulatory permissions for the importation of 4-androstenedione, Sa-dihydrotestosterone, and
testosterone, which were subsequently procured by the NTPSI and exported to the ECVAM
laboratory accordingly. JaCVAM was able to procure 4-androstenedione, So-dihydrotestosterone,
methyl testosterone, and testosterone from Japanese suppliers. However, phenobarbital, classified as a
Schedule IV controlled substance according to the U.S. Drug Enforcement Administration, was not
procured because the JaCVAM-sponsored Hiyoshi Laboratory did not have an appropriate license for
handling Schedule IV substances.

Reference substances were coded with unique laboratory-specific identifiers (see Annex I for
laboratory-specific reference substance codes), and aliquots were sent in coded vials to participating
laboratories. (Note: The NTPSI also provided empty coded vials to ECVAM and JaCVAM for the
controlled substances that were procured from regional distributors as detailed above.) Material
Safety Data Sheets (MSDSs) were provided along with the reference substances and controls. Coded
reference substances were provided with a sealed health and safety packet containing the identity of
each test substance, as well as its MSDS, to be opened in the event of an accident (e.g., chemical
spill). The NTPSI, ECVAM, and/or JaCVAM also obtained Certificates of Analysis for reference
standards, controls, and reference substances.

Procedures for shipping substances to the participating laboratories were the same regardless of
whether NTPSI, ECVAM, or JaCVAM was the responsible party. Substances were packaged so as to
minimize damage during transit and shipped under appropriate storage conditions and according to
the appropriate regulatory transportation procedures. The NICEATM validation study project
manager maintained Certificates of Analysis for all test substances. The participating laboratories
were notified upon shipment in order to prepare for receipt. Test substance shipments were delivered
to each participating laboratory. Information regarding weight or volume and storage conditions for
each coded reference substance was also provided to each laboratory well before shipment. The
shipment included the following instructions for the participating laboratories:

* Contact the NTPSI and the NICEATM validation study project manager upon receipt of test
substances.

* Contact the validation study project manager if test facility personnel opened the health and
safety packet at any time, for any reason, during the study.
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4.0 Test Method Data And Results

This section summarizes the results from testing of 53 coded reference substances in the three
participating laboratories (XDS, ECVAM, and Hiyoshi) and an additional 25 coded reference
substances tested in the lead laboratory (XDS) using the agonist and antagonist protocols for the
BGI1Luc ER TA test method.

4.1 Availability of Original Data Used to Evaluate Test Method Performance

All data were provided to the validation study project coordinator at NICEATM as electronic
Microsoft Excel” and GraphPad Prism® files. Data files and laboratory reports are available upon
request from NICEATM. Requests can be made by mail, fax, or e-mail to Dr. William S. Stokes,
NICEATM, NIEHS, P.O. Box 12233, MD K2-16, Research Triangle Park, NC, 27709, (phone)
919-541-2384, (fax) 919-541-0947, (e-mail) niceatm@niehs.nih.gov.

4.2 BG1Luc ER TA Agonist and Antagonist Reference Standard and Control Data

During Phase 1, each laboratory established a historical database for the control and reference
substances. The database was used to calculate acceptance criteria using reference standards and
controls for use in subsequent study phases. Although E2 reference standard ECs, Ral reference
standard 1Csy, Met RLU, and flavone RLU values were not used for plate acceptance after Phase 2a of
the validation study (see Sections 2.7.1 and 2.7.2), these values were collected throughout the study
for information purposes (see Tables 4-1 through 4-7). Because the RLU values for the agonist and
antagonist DMSO control and the antagonist E2 control were used for acceptance criteria throughout
the study, they were used in the evaluation of intra- and interlaboratory reproducibility (see

Section 6). The reported data represent only plates that passed test plate acceptance criteria. The total
number of plates that were run (combination of number of acceptable plates and plates that failed one
or more acceptance criteria) are also reported. Details of the rationale for any plate failures, along
with their impact on intralaboratory reproducibility, are discussed in Section 6.

4.2.1 Agonist E2 Reference Standard

As shown in Table 4-1, the historical E2 ECs, data collected by each laboratory in Phase 1 ranged
from 8.47 x 10" to 1.13 x 10™"' M on the 10 acceptable plates required to generate the historical
database at XDS and Hiyoshi. XDS successfully generated their historical database in 10 consecutive
experiments. ECVAM generated data on 18 consecutive experiments due to a concern that a portion
of the plates might not meet the acceptance criteria. However, none of these 18 plates failed
acceptance; therefore, the ECVAM historical database is based on a total of 18 plates. Hiyoshi
required two additional experiments because two plates failed the fold induction acceptance criterion.
E2 ECs values collected by each laboratory in subsequent phases of the validation study ranged from
6.15 x 10"% to 1.74 x 10" M (see Table 4-1).
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Table 4-1 Summary of Agonist E2 Reference Standard ECs, Data by Study Phase

Laboratory | Study Phase Me?;/[)EaCSO SD N
XDS 1 8.47 x 10" 1.66 x 102 10/10
ECVAM 1 8.34 x 102 3.10 x 102 18/18
Hiyoshi 1 1.13 x 10™ 291 x 10" 10/12
XDS 2a 9.95x 1012 1.53 x 10" 7/15
ECVAM 2a 1.16 x 107! 4.07 x 102 6/30
Hiyoshi 2a 8.54 x 1072 1.73 x 102 8/9
XDS 2b 9.97 x 102 2.88 x 102 13/13
ECVAM 2b 7.82 x 102 4.80 x 10" 12/16
Hiyoshi 2b 1.02 x 10™ 1.94 x 107" 13/16
XDS 3 1.36 x 107! 1.28 x 107! 34/47
ECVAM 3 1.48 x 107! 3.02 x 107! 24/35
Hiyoshi 3 6.15 x 107" 1.31x 10" 34/34
XDS 4 1.74 x 10! 2.66 x 107! 29/41

Abbreviations: ECso = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative
Methods; M = molar; N = number of plates that passed acceptance criteria/total number of plates; SD = standard
deviation; XDS = Xenobiotic Detection Systems, Inc.

* This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, this
value was monitored but was no longer used to determine whether test plates passed acceptance criteria.

4.2.2 Agonist DMSO Control Values

Because DMSO control RLU values are not normalized, they can vary considerably between test
plates. DMSO RLU values at all laboratories during all validation study phases ranged from a low

of 511 (Phase 3 at XDS) to a high of 9885 (Phase 1 at XDS), with a mean of 3749 (see Table 4-2).
However, within-plate variability of DMSO control RLU values between replicate DMSO wells was
low, with associated coefficient of variation (CV) values ranging from 1% to 43% and a mean of 8%
(see Table 4-2). Of the 218 agonist test plates that met acceptance criteria, only six plates had within-
plate CV values greater than 20%. (See Annex L for individual test plate mean DMSO control RLU
values and associated CV values.)

C-84



Appendix C — Background Review Document

Table 4-2 Summary of Agonist Within-Plate DMSO Control Data by Laboratory and
Study Phase
Mean and Range of DMSO Mean and Range of CV
Laboratory Study Phase Control RLU Values (%) N
5362 7
XDS 1 10/10
(2031-9885) (5-9)
3519 8
ECVAM 1 18/18
(1379-6342) (2-14)
. . 4213 7
Hiyoshi 1 10/12
(2323-6087) (4-15)
2271 10
XDS 2a 7/15
(636-5114) (3-21)
2900 8
ECVAM 2a 6/30
(828-5017) (1-17)
. . 4199 5
Hiyoshi 2a 8/9
(2023-6314) (1-9)
2084 5
XDS 2b 13/13
(628-4094) (2-10)
4291 6
ECVAM 2b 12/16
(3256-6209) (3-11)
. . 6291 5
Hiyoshi 2b 13/16
(4330-8078) (1-10)
2314 10
XDS 3 34/47
(511-6826) (1-43)
2938 10
ECVAM 3 24/35
(1097-7306) (3-33)
. . 5760 6
Hiyoshi 3 34/34
(1362-9383) (1-24)
2943 8
XDS 4 29/41
(913-5987) (1-17)
3749 8
All All 218/286
(511-9885) (1-43)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation
of Alternative Methods; N = number of plates that passed acceptance criteria/total number of plates; XDS = Xenobiotic
Detection Systems, Inc.
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4.2.3 Maximum Fold Induction of E2 Response During Agonist Testing

As shown in Table 4-3, mean fold induction across the three laboratories throughout the validation
study was 5.72 £ 1.82. With the exception of Phase 2b, ECVAM consistently reported the highest
mean fold induction. ECVAM’s highest mean value (9.2) was observed during Phase 3. Hiyoshi
reported the lowest values in all study phases except Phase 3. During Phase 3, XDS and Hiyoshi
reported similar values (4.3 and 4.9, respectively). The lowest mean fold induction reported during
the validation study was 4.0, which was observed at both Hiyoshi (Phase 2b) and XDS (Phase 4).

Table 4-3 Summary of Agonist Maximum Fold Induction Data by Laboratory and Study
Phase

Laboratory Study Phase Il;/[;zllﬁl:::llg b SD N
XDS 1 4.7 0.7 10/10
ECVAM 1 8.1 0.9 18/18
Hiyoshi 1 4.5 0.9 10/12
XDS 2a 6.4 2.7 7/15
ECVAM 2a 8.0 1.9 6/30

Hiyoshi 2a 4.4 0.7 8/9
XDS 2b 7.3 2.0 13/13
ECVAM 2b 4.6 0.9 12/16
Hiyoshi 2b 4.0 0.7 13/16
XDS 3 43 1.0 34/47
ECVAM 3 9.2 3.0 24/35
Hiyoshi 3 4.9 1.0 34/34
XDS 4 4.0 1.3 29/41
All All 5.72 1.82 13/13

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed
acceptance criteria/total number of plates; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc.

* Fold induction is measured by dividing the test plate averaged highest E2 reference standard RLU value by the averaged
DMSO control mean RLU value (see Section 2.7.1).

® Test plate acceptance criteria for maximum fold induction state that fold induction must be greater than 3.

4.2.4 Weak Agonist Positive Control: Methoxychlor

During the development of the historical Met control databases, the normalized and adjusted response
was highest at Hiyoshi and lowest at ECVAM (Table 4-4). Variability was low in all three
laboratories (CV < 17%). Variability remained low throughout subsequent phases of the validation
study (CV <£23%).
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Table 4-4 Summary of Agonist Methoxychlor Control Data by Laboratory and Study

Phase
Laboratory Study Phase MRe];j[nj ‘:,‘;{L‘Zf,ﬁ,d SD N
XDS 1 5709 974 10/10
ECVAM 1 4494 590 18/18
Hiyoshi 1 7917 430 10/12
XDS 2a 5494 981 7/15
ECVAM 2a 5199 508 6/30
Hiyoshi 2a 8500 424 8/9
XDS 2b 6126 941 13/13
ECVAM 2b 8117 789 12/16
Hiyoshi 2b 7861 854 13/16
XDS 3 6420 1475 35/47
ECVAM 3 6885 1043 24/35
Hiyoshi 3 8029 1579 34/34
XDS 4 5902 1275 29/41

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed
acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation; XDS = Xenobiotic
Detection Systems, Inc.

Agonist test plate data are adjusted by subtracting the mean DMSO control RLU value from the RLU value for each
agonist test plate well. The data are then normalized by setting the maximum E2 response to 10,000 RLU and adjusting
all other RLU values relative to the maximum E2 response.

This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, test
plate acceptance criteria were modified to state that this value must be greater than the DMSO mean plus three times the
standard deviation from that mean.

4.2.5 Antagonist Raloxifene Reference Standard

As shown in Table 4-5, the historical Ral ICs, values obtained by each laboratory ranged from

8.43 x 10" t0 1.23 x 10” M. As in the agonist testing, the laboratories were instructed to generate
historical reference standard and control databases based on data generated from at least

10 acceptable test plates. All three laboratories generated data on more than 10 acceptable test plates
due to concerns that a portion of the plates might not pass the acceptance criterion (i.e., fold induction
>3) which required a >3-fold reduction in E2 control values. The historical databases at XDS,
ECVAM, and Hiyoshi were based on 14, 18, and 12 plates, respectively. None of the runs at ECVAM
or Hiyoshi failed the acceptance criterion, and XDS had a single plate failure. The calculated CV of
the Ral ICs values was within 33% for all laboratories, with the exception of XDS during Phase 3,
when a CV value of 60% was observed.
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Table 4-5 Summary of Antagonist Raloxifene Reference Standard I1Csy Data by
Laboratory and Study Phase

Laboratory Study Phase Mean IC5y (M)* SD N
XDS 1 8.35x 10" 1.76 x 107" 14/15
ECVAM 1 8.43 x 101 1.54 x 10" 18/18
Hiyoshi 1 1.23 x 107 2.53 x 107 12/12
XDS 2a 7.43 x 1071 2.44 x 10" 8/14
ECVAM 2a 8.39 x 107" 1.56 x 107 7/14
Hiyoshi 2a 1.23 x 107 331 x 10" 6/6
XDS 2b 1.06 x 10° 1.88 x 10" 12/12
ECVAM 2b 1.15 % 107 2.32x 10" 12/18
Hiyoshi 2b 1.48 x 107 1.95 x 107 14/14
XDS 3 125 x 107 7.49 x 107 30/59
ECVAM 3 1.84 x 107 4.67 x 101 25/36
Hiyoshi 3 9.94 x 107" 1.76 x 10°° 21/24
XDS 4 5.76 x 107" 1.19 x 107" 15/23

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; 1Csy= half-maximal inhibitory
concentration; M = molar; N = number of plates that passed acceptance criteria/total number of plates; SD = standard
deviation; XDS = Xenobiotic Detection Systems, Inc.

* This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, this
value was monitored but was no longer used to determine whether test plates met acceptance criteria.

4.2.6 Antagonist DMSO Control Values

Because DMSO control RLU values are not normalized, they can vary considerably between test
plates; therefore, mean plate DMSO RLU values ranged from a low of 132 at XDS during Phase 1 to
a high of 8451 at Hiyoshi during Phase 3, with a mean of 3299 for plates that passed acceptance
criteria at all laboratories (see Table 4-6). However, within-plate variability of DMSO RLU control
values between replicate DMSO wells was low, with associated CV values ranging from 1% to 52%
and a mean of 8% (see Table 4-6). Of the 194 antagonist test plates that passed acceptance criteria,
only eight plates had within-plate CV values greater than 20%. (See Annex L for individual test plate
mean DMSO control RLU values and associated CV values.)
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Table 4-6 Summary of Antagonist Within-Plate DMSO Control Data by Study Phase
Mean and Range of DMSO Mean and Range of CV
Laboratory Study Phase Control RLU Values (%) N
499 9
XDS 1 14/15
(132-1331) (3-18)
3783 8
ECVAM 1 18/18
(1490-7333) (3-17)
. . 4048 5
Hiyoshi 1 12/12
(1625-6541) (3-9)
1378 10
XDS 2a 8/14
(271-2073) (2-14)
2154 11
ECVAM 2a 7/14
(1352-5102) (1-23)
. . 4915 5
Hiyoshi 2a 6/6
(2846-7221) (1-12)
1910 4
XDS 2b 12/12
(930-2773) (2-9)
4128 7
ECVAM 2b 12/18
(2522-5102) (1-18)
. . 6280 7
Hiyoshi 2b 14/14
(4633-7992) (1-20)
2746 8
XDS 3 30/59
(415-6860) (2-52)
3852 12
ECVAM 3 25/36
(2615-5498) (4-37)
. . 4030 7
Hiyoshi 3 21/24
(2018-8451) (1-20)
3742 8
XDS 4 15/23
(2498-6482) (1-15)
3299 8
All All 194/251
(132-8451) (1-52)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation
of Alternative Methods; N = number of plates that passed acceptance criteria/total number of plates; RLU = relative light
unit; XDS = Xenobiotic Detection Systems, Inc.
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4.2.7 Antagonist E2 Reference Standard

Using the historical data developed by each laboratory during Phase 1, XDS and ECVAM reported
similar normalized E2 responses (8284-8881 mean adjusted RLU), while Hiyoshi was considerably
lower (5728 mean adjusted RLU) (Table 4-7). With the exception of Phase 1 testing at Hiyoshi
(CV =21%), the calculated CV was no more than 14% at any of the laboratories throughout the

study.

Table 4-7 Summary of Antagonist E2 Control Data by Study Phase

Laboratory Study Phase Meaﬁégg’l;sted SD N
XDS 1 8284 744 14/15
ECVAM 1 8881 640 18/18
Hiyoshi 1 5728 1221 12/12
XDS 2a 8646 783 8/14
ECVAM 2a 9106 554 7/14

Hiyoshi 2a 5767 347 6/6
XDS 2b 8259 711 12/12
ECVAM 2b 9175 725 12/18
Hiyoshi 2b 5270 478 14/14
XDS 3 7851 1065 30/49
ECVAM 3 9584 901 25/36
Hiyoshi 3 6185 521 21/24
XDS 4 7428 662 15/23

Abbreviations: E2 = 17B-estradiol; ECVAM = European Centre for the Validation of Alternative Methods; N = number of
plates that passed acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation;
XDS = Xenobiotic Detection Systems, Inc.

Antagonist test plate data are adjusted by subtracting the DMSO control RLU values from the RLU value for each
antagonist test plate well. The data are then normalized by setting the maximum Ral response to 10,000 RLU and
adjusting all other RLU values relative to the maximum Ral response.

The mean E2 control RLU value must be within the mean plus or minus 2.5 times the SD of the historical mean RLU
value for the E2 control.

4.2.8 Maximum Fold Reduction of E2 Response During Antagonist Testing

As shown in Table 4-8, mean fold reduction of E2 response across the three laboratories throughout
the validation study was 9.56 + 2.47. Both the highest (14.2 in Phase 1) and lowest (6.5 in Phase 3)
values reported were from XDS. There was no consistency as to which laboratory reported the
highest value in each phase.
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Table 4-8 Summary of Antagonist Maximum Fold Reduction Data by Laboratory and
Study Phase

Laboratory Study Phase li\;[ :;?llcl ﬁFO‘;:S., SD N
XDS 1 14.2 2.4 14/15
ECVAM 1 8.0 0.7 18/18
Hiyoshi 1 7.9 2.3 12/12
XDS 2a 11.1 2.7 8/14
ECVAM 2a 12.1 1.7 7/14

Hiyoshi 2a 11.4 3.2 6/6
XDS 2b 11.4 2.4 12/12
ECVAM 2b 6.6 0.6 12/18
Hiyoshi 2b 10.9 1.6 14/14
XDS 3 6.5 2.5 30/59
ECVAM 3 7.5 1.2 25/36
Hiyoshi 3 9.8 2.1 21/24
XDS 4 7.0 23 15/23
All All 9.56 2.47 13/13

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed
acceptance criteria/total number of plates; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc.

* Reduction for comprehensive test plates is measured by dividing the averaged highest Ral reference standard RLU value
by the lowest averaged Ral reference standard RLU value (see Section 2.7.2).

® Test plate acceptance criteria for mean fold reduction state that fold reduction must be greater than 3.

4.2.9 Weak Antagonist Positive Control: Flavone

During the development of the historical flavone control databases, the normalized response was
highest at XDS (3583), where the lowest CV (30%) was also observed. The response was lowest at
ECVAM (644), where the highest CV (71%) was also observed (Table 4-9). Variability was lowest at
XDS, but high CVs were seen in all laboratories during Phases 2 through 4 of the study (CVs ranged
from 40% to 217%).

C-91



ICCVAM BGI1Luc ER TA Evaluation Report

Table 4-9 Summary of Antagonist Flavone Control Data by Study Phase
Laboratory Study Phase MRe]iiII} éi{:iﬁid SD N
XDS 1 3583 1089 14/15
ECVAM 1 644 458 18/18
Hiyoshi 1 1226 723 12/12
XDS 2a 3620 753 8/14
ECVAM 2a 733 521 7/14
Hiyoshi 2a 497 203 6/6
XDS 2b 3164 1272 12/12
ECVAM 2b 801 580 12/18
Hiyoshi 2b 87 188 14/14
XDS 3 3081 1627 30/59
ECVAM 3 431 361 25/36
Hiyoshi 3 1302 697 21/24
XDS 4 1444 870 15/23

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed
acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation; XDS = Xenobiotic
Detection Systems, Inc.

Antagonist test plate data are adjusted by subtracting the DMSO control mean RLU values from the RLU value for each
antagonist test plate well. The data are then normalized by setting the maximum Ral response to 10,000 RLU and
adjusting all other RLU values relative to the maximum Ral response.

This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, test
plate acceptance criteria were modified to state that this value must be less than the E2 control mean minus three times the
standard deviation from that mean (i.e., the flavone control must be positive).

4.3 Solubility Test Results

As indicated in Section 2.5.1, starting concentrations for range finder testing during Phases 2a and 2b
were established by determining the maximum soluble test substance concentration at log intervals up
to the 1 mg/mL (v/v in 1% DMSO/EFM) limit concentration. Following Phase 2b comprehensive
testing, differences in ER TA antagonist activity were noted across laboratories for two substances
(flavone and genistein). The differences in antagonist activity were attributed to differences in
solubility. At XDS and ECVAM, 100 ug/mL was considered the maximum soluble concentration for
these two substances and was therefore used as the starting concentration for range finder testing.
Both ultimately tested positive for antagonist activity at concentrations above 10 ug/mL.” In contrast,
Hiyoshi considered 10 ug/mL to be the maximum soluble concentration for these two substances,
which was then used as the starting concentration for range finder testing. Both substances were

> ER TA antagonist activity classifications for Phase 2 did not limit the evaluation of concentrations above 10 uM (see
Section 2.4.5).
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negative for antagonist activity and were subsequently retested at Hiyoshi up to 100 ug/mL, at which
point both were positive.

To maximize the likelihood of detecting weak agonists and antagonists, protocols were modified to
determine test substance solubility in 100% DMSO as the starting concentration for range finder
testing. This protocol modification was used for Phases 3 and 4 range finder testing. Recognizing that
this could result in range finder testing concentrations of substances that precipitate out when added
to EFM, the SMT concluded that there would be enough sufficiently soluble concentrations within
the 7-point log serial dilution to effectively determine the starting concentrations for comprehensive
testing. However, differences in the maximum starting concentrations in 100% DMSO were still
observed across laboratories (see Tables 4-10 and 4-11).

Where these differences occurred, comprehensive test results were evaluated to determine if lower
starting concentrations were responsible for discordances among the laboratories. This occurred for
only three agonist substances: 4-androstenedione, 2-sec-butylphenol, and fluoranthene. With a
starting concentration of 10 ug/mL, 4-androstendione was negative at ECVAM. It was positive at
Hiyoshi with a starting concentration of 100 ug/mL. With a starting concentration of 100 ug/mL,
2-sec-bultyphenol was negative at ECVAM. It was positive at Hiyoshi at this concentration and
positive at XDS with a starting concentration of 1000 ug/mL. Fluoranthene was negative at ECVAM
with a starting concentration of 100 ug/mL but positive at Hiyoshi and XDS with a starting
concentration of 1000 ug/mL. (See Table 4-12 for ER TA agonist testing results.)

Table 4-10 Agonist Range Finder Starting Concentrations in Culture Medium

XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FwW Tested Tested Tested
pg/mL M pg/mL M pg/mL M
Bisphenol A 2a 2283 100 438 %107 | 1000 | 4.38x10° | 1000 | 4.38x10°
Bisphenol B 2a 2423 1000 | 4.13 x 107 100 4.13 x 10 100 4.13 x 10"
Corticosterone 2a 346.5 1000 | 2.89x10° | 1000 | 2.89x10° | 1000 | 2.89x 107
Diethylstilbestrol 2a 268.4 100 373 x 10 100 3.73 x 107 10 3.73 x 107
17cc-Ethinyl estradiol 2b 296.4 100 337 x10* 100 3.37 x 10 10 337 x 107
Atrazine 2b 215.7 100 4.64 x 10" 100 4.64 x 10 100 4.64 x 10"
Butylbenzyl phthalate 2b 312.4 100 320 x 10" 10 3.20 x 107 10 3.20 x 107
Flavone 2b 2222 100 4.50 x 10™ 100 450 x 10 100 450 x 10™
Genistein 2b 270.2 100 3.70 x 10 100 3.70 x 107 100 3.70 x 10
o,p'-DDT 2b 354.5 100 2.82x 10 100 2.82x 10 10 2.82 x 107
p-n Nonylphenol 2b 220.4 100 4.54 %10 10 4.54 x 107 100 4.54 %10
Vinclozolin 2b 286.1 100 3.50 x 10 10 3.50 x 107 100 3.50 x 10
12-0 -
Tetradecanoylphorbol- 3 616.8 1000 | 1.62x10° 100 1.62 x 10 10 1.62 x 107
13-acetate
17ec-Estradiol 3 2724 | 1000 | 3.67x10° | 1000 | 3.67 x107 10 3.67 x 107
178-Estradiol 3 272.4 1000 | 3.67x10° | 1000 | 3.67 x 107 10 3.67 x 107
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XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FW Tested Tested Tested

pg/mL M pg/mL M pg/mL M
2-sec-Butylphenol 3 150.2 1000 | 6.66 x 107 100 6.66 x 10™ 100 6.66 x 10
ﬁiﬁ;ﬁi‘;ﬁi"am q 3 2555 | 1000 | 3.91x10° | 1000 | 3.91x10° | 1000 | 3.91x10°
4-Androstenedione 3 286.4 100 3.49 x 10* 10 3.49 x 107 100 3.49 x 10*
4-Cumylphenol 3 2123 1000 | 471x10° | 1000 | 4.71 x10? 100 471 x 10
4-Hydroxytamoxifen 3 387.5 1000 | 2.58 x 107 100 2.58 x 10 10 2.58 x 107
4-tert-Octylphenol 3 206.3 1000 | 4.85x10° 100 4.85x% 10 10 4.85 %107
5-Dihydrotestosterone 3 290.4 1000 | 3.44 x 107 10 3.44 x 107 10 3.44 x 107
Actinomycin D 3 12554 | 1000 | 7.97x10* 100 7.97 x 107 100 7.97 x 107
Apigenin 3 270.2 1000 | 370 x10° | 1000 | 3.70 x 107 100 3.70 x 10
Clomiphene citrate 3 598.1 1000 | 1.67 x 107 100 1.67 x 10 10 1.67 x 107
Coumestrol 3 268.2 1000 | 3.73 x 107 100 3.73 x 10™ 10 3.73 x 107
Daidzein 3 254.2 1000 | 3.93 x 107 100 3.93 x 10™ 100 3.93 x 10
Dexamethasone 3 392.5 1000 | 2.55x10° | 1000 | 2.55x 107 10 2.55x 107
Di - n -butyl phthalate 3 278.3 1000 | 3.59x10° | 1000 | 3.59x 107 100 3.59 x 10"
Dibenzo[a, h]anthracene 3 2784 10 3.59x 107 1 3.59 x 10°° 10 3.59x 107
Dicofol 3 370.5 1000 | 270107 | 1000 | 2.70 x 107 10 2.70 x 107
Diethylhexyl phthalate 3 330.2 1000 | 3.03x10° | 1000 | 3.03x107 10 3.03 x 107
Estrone 3 270.4 1000 | 3.70 x 107 100 3.70 x 107 10 3.70 x 107
Ethyl paraben 3 166.2 1000 | 6.02x10° | 1000 | 6.02x107 100 6.02 x10™
Fluoranthene 3 202.3 1000 | 4.94 x 107 100 494 x10* | 1000 | 4.94x10°
Hydroxyflutamide 3 2922 1000 | 3.42x10° 100 3.42x 10" 100 3.42x 10"
Kaempferol 3 286.2 1000 | 3.49 x 107 100 3.49 x 107 100 3.49 x 10
Kepone 3 490.6 | 1000 | 2.04x10° | 1000 | 2.04 x 107 10 2.04 x 107
meso-Hexestrol 3 270.4 1000 | 3.70x10° | 1000 | 3.70 x 10° 100 3.70 x 10*
Methyl testosterone 3 302.5 1000 | 3.31x 107 100 3.31 % 10 100 331x10*
Morin 3 302.2 1000 | 3.31x10° 100 331x10* | 1000 | 3.31x10°
Norethynodrel 3 298.4 1000 | 3.35x 107 100 3.35x 10 100 335x 10"
p.p'-DDE 3 318.0 1000 | 3.14x10° | 1000 | 3.14x 107 10 3.14 x 107
p.p- Methoxychlor 3 345.7 1000 | 2.89 x 103 1000 | 2.89 x 107 10 2.89 x 107

Phenobarbital 3 232.2 1000 | 4.31x107 100 431 x10* NT NT
Phenolphthalin 3 3203 1000 | 3.12x10° | 1000 | 3.12x10° | 1000 | 3.12x 107
Progesterone 3 314.5 100 3.18 x 10 100 3.18 x 107 10 3.18 x 107
Propylthiouracil 3 170.2 1000 | 5.87x10° | 1000 | 587x10% | 1000 | 5.87x10°
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XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FW Tested Tested Tested
pg/mL M pg/mL M pg/mL M
Raloxifene HCI 3 510.1 1000 1.96 x 107 100 1.96 x 10 10 1.96 x 107
Resveratrol 3 228.2 1000 | 4.38x 103 100 438 x 107 100 438 x 10
Sodium azide 3 65.0 100 1.54 x 107 100 1.54 x 107 100 1.54 x 1073
Tamoxifen 3 371.5 100 2.69 x 107 100 2.69 x 107 10 2.69 x 107
Testosterone 3 288.4 1000 | 3.47 x 103 100 3.47 x 10™ 100 3.47 x 107
17B-Trenbolone 4 270.4 1000 3.70 x 107 NT NT NT NT
19-Nortestosterone 4 274.4 1000 3.64 x 107 NT NT NT NT
4- -3
Hydroxyandrostenedione 4 302.4 1000 3.31x 10 NT NT NT NT
Ammonium perchlorate 4 117.5 1000 8.51x 107 NT NT NT NT
Apomorphine 4 267.3 1000 3.74 x 107 NT NT NT NT
Bicalutamide 4 430.4 1000 2.32x 107 NT NT NT NT
Chrysin 4 254.2 1000 3.93 x 10 NT NT NT NT
Cycloheximide 4 281.4 1000 3.55 % 107 NT NT NT NT
Cyproterone acetate 4 416.9 1000 2.40 x 107 NT NT NT NT
Fenarimol 4 331.2 1000 3.02 x 1073 NT NT NT NT
Finasteride 4 372.5 1000 2.68 x 1073 NT NT NT NT
Fluoxymestrone 4 336.4 1000 2.97 % 107 NT NT NT NT
Flutamide 4 276.2 1000 3.62x 107 NT NT NT NT
Haloperidol 4 375.9 100 2.66 x 107 NT NT NT NT
Ketoconazole 4 531.4 10 9.41 x 1073 NT NT NT NT
L-Thyroxine 4 776.9 1000 | 1.29 x 107 NT NT NT NT
Linuron 4 249.1 1000 | 4.01 =107 NT NT NT NT
ﬁzgt‘:‘ypmgemr‘me 4 386.5 100 | 2.59 x 10 NT NT NT NT
Mifepristone 4 429.6 1000 233 %107 NT NT NT NT
Nilutamide 4 317.2 1000 3.15 x 107 NT NT NT NT
Oxazepam 4 286.7 1000 3.49 x 107 NT NT NT NT
Pimozide 4 461.6 100 2.17 x 107 NT NT NT NT
Procymidone 4 284.1 100 3.52x 10" NT NT NT NT
Reserpine 4 608.7 1000 1.64 x 107 NT NT NT NT
Spironolactone 4 416.6 1000 2.40 x 107 NT NT NT NT

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; FW = formula weight; M = molar;
Max = maximum; NT = not tested; XDS = Xenobiotic Detection Systems, Inc.
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Table 4-11 Antagonist Range Finder Starting Concentrations in Culture Medium
XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FW Tested Tested Tested
pg/mL M pg/mL M pg/mL M
Dibenzo[a, h]anthracene 2a 278.4 10 3.59 x 10° 10 3.59 x 10° 10 3.59 % 107
p -n -Nonylphenol 2a 220.4 1 4.54 %10 100 4.54 %10 10 4.54 x 107
Progesterone 2a 314.5 100 3.18 x 107 100 3.18 x 10™ 10 3.18 x 107
Tamoxifen 2a 371.5 10 2.69 x 107 100 2.69 x 10 10 2.69 x 107
Apigenin 2b 270.2 100 3.70 x 10 10 3.70 x 107 10 3.70 x 107
Atrazine 2b 215.7 100 4.64 x 10 100 4.64 x 10 100 4.64 x 10"
Butylbenzyl phthalate 2b 312.4 100 3.20 x 10 10 3.20 x 107 10 3.20 x 107
Corticosterone 2b 346.5 1000 | 2.89 x 107 1000 | 2.89 x 107 100 2.89 x 10
Flavone 2b 2222 100 450 x 10 100 4.50 x 10 10 4.50 x 107
Genistein 2b 270.2 100 3.70 x 10™ 100 3.70 x 107 10 3.70 x 107
0,p"-DDT 2b 354.5 100 2.82x 10* NA NA 10 2.82x 107
Resveratrol 2b 2282 100 438 x 10 100 438 x10™ 100 438 x 10™
12-0-
Tetradecanoylphorbol- 3 616.8 1000 1.62 x 107 1000 1.62 x 107 10 1.62 x 107
13-acetate
17%-Estradiol 3 272.4 1000 | 3.67 x 107 100 3.67 x 107 10 3.67 x 107
17%-Ethinyl estradiol 3 296.4 100 3.37 x 10 10 3.37 x 107 10 337 x 107
17B-Estradiol 3 272.4 1000 | 3.67 x 107 100 3.67x 10 10 3.67 x 107
2-sec-Butylphenol 3 150.2 1000 | 6.66 x 107 1000 | 6.66 x 107 100 6.66 x 10
2,4,5-
Trichlorophenoxyacetic 3 255.5 1000 | 3.91x107 100 3.91x10* | 1000 | 3.91x10°
acid
4-Androstenedione 3 286.4 100 3.49 x 107 100 3.49 x 107 100 3.49 x 10
4-Cumylphenol 3 212.3 100 471 x10* | 1000 | 4.71x10? 10 471 %107
4-Hydroxytamoxifen 3 387.5 100 2.58 x 10 100 2.58 x 10 10 2.58 x 107
4-tert-Octylphenol 3 206.3 1000 | 4.85x107 100 4.85x10* 10 4.85 x 107
5ec-Dihydrotestosterone 3 290.4 1000 | 3.44 x 107 100 3.44 x 107 10 3.44 x 107
Actinomycin D 3 1255.4 1000 | 7.97 x 10 100 7.97 x 107 100 7.97 x 107
Bisphenol A 3 228.3 1000 | 4.38x 107 100 438 x10™ 100 438 x 10"
Bisphenol B 3 2423 1000 | 4.13 x 107 100 4.13 x 10 100 4.13 x 10*
Clomiphene citrate 3 598.1 100 1.67 x 10™ 100 1.67 x 10 10 1.67 x 107
Coumestrol 3 268.2 1000 | 3.73 x 107 100 3.73 x 10™ 10 3.73 x 107
Daidzein 3 254.2 1000 | 3.93 x 107 100 3.93 x 10 10 3.93 x 107
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XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FW Tested Tested Tested
pg/mL M pg/mL M pg/mL M
Dexamethasone 3 392.5 100 2.55x 10 100 2.55 %10 100 2.55x 10
Di-n-butyl phthalate 3 278.3 1000 | 3.59x10° | 1000 | 3.59 x 107 10 3.59 x 107
Dicofol 3 370.5 10 270x10° | 1000 | 2.70 x 107 10 2.70 x 107
Diethylhexyl phthalate 3 330.2 100 3.03x10* | 1000 | 3.03x10? 10 3.03 x 107
Diethylstilbestrol 3 268.4 100 3.73 x 107 100 3.73 x 10™ 10 3.73 x 107
Estrone 3 270.4 100 3.70 x 107 10 3.70 x 107 10 3.70 x 107
Ethyl paraben 3 166.2 1000 | 6.02x10% | 1000 | 6.02x10° | 1000 | 6.02x 107
Fluoranthene 3 202.3 1000 | 4.94x 107 100 4.94 x 10 10 4.94 x 107
Hydroxyflutamide 3 2922 1000 | 3.42x10° | 1000 | 3.42x 107 100 3.42 %10
Kaempferol 3 286.2 100 3.49 x 107 100 3.49 x 107 10 3.49 x 107
Kepone 3 490.6 1000 | 2.04x10° | 1000 | 2.04x 107 10 2.04 x 107
meso-Hexestrol 3 270.4 100 3.70 x 10 100 3.70 x 10™ 10 3.70 x 107
Methyl testosterone 3 302.5 1000 | 3.31x107 1000 | 3.31x107° 100 3.31x10"
Morin 3 302.2 1000 | 3.31x107 100 3.31 %10 100 331 x10*
Norethynodrel 3 298.4 1000 | 3.35x10° | 1000 | 3.35x10° 10 3.35x 107
p.p-DDE 3 318.0 1000 | 3.14x 107 100 3.14 x 10 10 3.14 x 107
p.p-Methoxychlor 3 345.7 10 2.89x10° | 1000 | 2.89x10? 10 2.89 x 107
Phenobarbital 3 232.2 1000 | 431x10° | 1000 | 4.31x10° NT NT
Phenolphthalin 3 320.3 1000 | 3.12x10% | 1000 | 3.12x10° | 1000 | 3.12x10?
Propylthiouracil 3 170.2 1000 | 5.87x 107 1000 | 5.87x107 100 5.87x 10
Raloxifene HCI 3 510.1 10 1.96 x 107 100 1.96 x 10 10 1.96 x 107
Sodium azide 3 65.0 100 1.54 x 107 100 1.54 x 107 100 1.54 x 107
Testosterone 3 288.4 1000 | 3.47x10° | 1000 | 3.47x10° 100 3.47 x10*
Vinclozolin 3 286.1 1000 | 3.50 x 107 100 3.50 x 107 10 3.50 x 107
17B-Trenbolone 4 270.4 1000 3.70 x 1073 NT NT NT NT
19-Nortestosterone 4 274.4 1000 3.64 x 1073 NT NT NT NT
4H'y droxyandrostenedione 4 302.4 100 331 x 10 NT NT NT NT
Ammonium perchlorate 4 117.5 1000 8.51 x 107 NT NT NT NT
Apomorphine 4 267.3 1000 3.74 x 107 NT NT NT NT
Bicalutamide 4 4304 | 1000 | 2.32x10° NT NT NT NT
Chrysin 4 2542 | 1000 | 3.93x107 NT NT NT NT
Cycloheximide 4 281.4 | 1000 | 3.55x10° NT NT NT NT
Cyproterone acetate 4 416.9 1000 2.40 x 107 NT NT NT NT
Fenarimol 4 331.2 1000 | 3.02x 107 NT NT NT NT
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XDS Max ECVAM Max Hiyoshi Max
. Study Concentration Concentration Concentration
Chemical Name Phase FW Tested Tested Tested
pg/mL M pg/mL M pg/mL M
Finasteride 4 372.5 100 2.68 x 10 NT NT NT NT
Fluoxymestrone 4 336.4 100 2.97 %10 NT NT NT NT
Flutamide 4 276.2 1000 3.62 x 1073 NT NT NT NT
Haloperidol 4 375.9 100 2.66 x 10™* NT NT NT NT
Ketoconazole 4 531.4 100 1.88 x 10 NT NT NT NT
L-Thyroxine 4 776.9 100 1.29 x 10 NT NT NT NT
Linuron 4 249.1 1000 4.01 x 107 NT NT NT NT
Medroxyprogesterone 4 386.5 10 259%10° | NT NT NT NT
acetate
Mifepristone 4 429.6 1000 233 %107 NT NT NT NT
Nilutamide 4 317.2 1000 3.15x 1073 NT NT NT NT
Oxazepam 4 286.7 1000 3.49 x 107 NT NT NT NT
Pimozide 4 461.6 100 2.17 x 107 NT NT NT NT
Procymidone 4 284.1 100 3.52x 10 NT NT NT NT
Reserpine 4 608.7 100 1.64 x 10 NT NT NT NT
Spironolactone 4 416.6 1000 2.40 x 107 NT NT NT NT

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; FW = formula weight; M = molar;
Max = maximum; NT = not tested; XDS = Xenobiotic Detection Systems, Inc.

4.4 Test Results for Coded Test Substances

4.4.1 Cell Viability Assessment

Cell viability was assessed to determine if reduction of ER TA activity is the result of cell loss. The
visual observation method described in Section 2.5.2 was used to assess cell viability in all wells of
the test plates. Cell viability results from range finder testing were used to establish starting
concentrations for comprehensive testing (see Sections 2.6.1 and 2.6.2) and to identify cytotoxic
concentrations in comprehensive testing. This was of particular importance in antagonist testing
because it is critical for distinguishing whether reduction of ER TA activity is caused by cell loss or
ER antagonism. Annex G3 lists the lowest concentrations that produced cell viability scores of 2 or
greater for each substance evaluated in agonist and antagonist range finder and comprehensive
testing.

Results were evaluated to determine if differences in cell viability were responsible for ER TA
activity discordances among the laboratories. Ten substances were identified as discordant for ER TA
agonist activity: 4-androstenedione, atrazine, 2-sec-butylphenol, clomiphene citrate, corticosterone,
dicofol, flavone, fluoranthene, resveratrol, and vinclozolin (see Table 4-12). However, evaluation of
range finder and comprehensive testing results indicated that the discordance was not due to
differences in cell viability. Two substances were positive for ER TA antagonist activity at one
laboratory but negative or inconclusive at the other two laboratories (17-a estradiol was positive at
XDS but negative at ECVAM and inconclusive at Hiyoshi; clomiphene citrate was positive at
Hiyoshi, negative at ECVAM, and inconclusive at XDS [see Table 4-13]). However, all cells for

C-98



these substances were viable below the 1.0 x 10 M limit concentration for determining ER TA
antagonist activity, indicating that the discordance was not due to differences in cell viability.

4.4.2 BGI1Luc ER TA Agonist and Antagonist Data

Appendix C — Background Review Document

Test substances were evaluated in a phased approach as follows:

* Phase 2a. Four coded agonist and four coded antagonist substances were tested independently at
least three times at each laboratory.
* Phase 2b. Eight coded agonist and eight coded antagonist substances were tested independently at
least three times at each laboratory.
* Phase 3. Up to 41 coded agonist and 41 coded antagonist substances were tested at least once at

each laboratory.

* Phase 4. The lead laboratory (XDS) tested 25 coded substances once each to further characterize
the remainder of the 78 ICCVAM reference substances. Several of these substances had been

assigned presumptive calls (ICCVAM 2003a, 2006; OECD 2007), but no ER TA data were

available.

The results from Phases 2 and 3 are provided in Table 4-12 (agonist) and Table 4-13 (antagonist).
Table 4-14 provides the Phase 4 data generated by the lead laboratory.

Table 4-12 Agonist Summary Data for Phases 2a, 2b, and 3
# Plates
for ECsy/

Study Cv # Plates Classifi-

Chemical Phase Laboratory ECsy (M) SD (%) Tested® cation®

XDS 3.86 x 107 3.27 x 107 8 3/8 P (3/3)

Bisphenol A 2a ECVAM 8.18 x 107 253 x 107 3 3/16 P (3/3)
Hiyoshi 3.95 x 107 1.86 x 10® 5 3/4 P (3/3)

XDS 1.60 x 107 2.56 x 10 16 3/7 P (3/3)

Bisphenol B 2a ECVAM 1.74 x 107 5.25x 107" 30 3/14 P (3/3)
Hiyoshi 2.52 x 107 7.44 x 107 3 3/4 P (3/3)

XDS - - - 0/8 N (3/3)

Corticosterone 2a ECVAM NC - - 0/16 P (3/3)
Hiyoshi - - - 0/4 N (4/4)

XDS 487 x 10 1.98 x 10" 41 3/9 P (3/3)

Diethylstilbestrol 2a ECVAM 3.60 x 10" | 2.55x 107" 71 2/14 P (3/3)
Hiyoshi 207 x 10" | 7.97 x 1072 39 4/4 P (4/4)

XDS - - - 4/6 N (4/4)

Atrazine 2b ECVAM 7.43 x 107 1.25x 10 168 3/11 P (3/3)
Hiyoshi - - - 0/4 N (3/3)

XDS 1.18 x 10°° 3.57 x 107 30 3/3 P (3/3)

Butylbenzyl phthalate 2b ECVAM 2.17 x 10 9.92 x 107 46 3/3 P (3/3)
Hiyoshi 2.92x10° 3.69 x 107 13 2/3 P (3/3)

XDS 6.12 x 10 1.87 x 10® 30 3/3 P (3/3)

0,p-DDT 2b ECVAM 422 %107 6.20 x 107 15 3/5 P (3/3)
Hiyoshi 6.98 x 107 9.19 x 10°® 13 3/3 P (3/3)
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# Plates
for ECsy/

Study Cv # Plates Classifi-

Chemical Phase Laboratory ECsy (M) SD (%) Tested” cation®

XDS 7.60 x 1017 | 2.32x 10" 31 4/7 P (4/4)

17-o Ethinyl estradiol 2b ECVAM 5.85x 1072 1.44 x 107" 25 3/3 P (3/3)
Hiyoshi 838 x 107" | 1.99x 10" 24 3/4 P (3/3)

XDS - - - 0/3 N (3/3)

Flavone 2b ECVAM 7.05 x 10 8.82 x 107 13 3/5 P (3/3)
Hiyoshi NC - - 0/4 P (3/3)

XDS 2.09 x 10 6.01 x 107 29 3/3 P (3/3)

Genistein 2b ECVAM 3.00 x 107 324 x10% 11 3/5 P (3/3)
Hiyoshi 439 x 107 1.76 x 107 40 4/5 P (4/4)

XDS 1.78 x 10°® 6.95 x 107 4 3/6 P (3/3)

p-n-Nonylphenol 2b ECVAM 2.50 x 10 1.06 x 107 43 3/5 P (3/3)
Hiyoshi 583 x10° 2.89 x 107 5 2/4 P (3/3)

XDS - - - 0/6 N (4/4)

Vinclozolin 2b ECVAM 4.45x10° 3.57x10° 80 3/8 P (6/6)
Hiyoshi - - - 0/5 N (4/4)

XDS - - - 0/3 1(1/1)

Actinomycin D 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 1(1/1)

4-Androstenedione 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi NC - - 0/1 P (1/1)

XDS 274 x 10°° - - 1/1 P (1/1)

Apigenin 3 ECVAM 1.63 x 10° 1.09 x 10° 67 3/4 P (3/3)
Hiyoshi 1.62 x 10°° - - 1/1 P (1/1)

XDS - - - 0/1 I(1/1)

Clomiphene citrate 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi 438 x 107" - - 1/1 P (1/1)

XDS 2.40 x 10712 - - 1/3 P (1/1)

Coumestrol 3 ECVAM 2.58 x 107 - - 1/4 P (1/1)
Hiyoshi 5.00x 10° 1/1 P (1/1)

XDS 2.62 %107 - - 1/1 P (1/1)

4-Cumylphenol 3 ECVAM 3.03 x 107 - - 11 P (/1)
Hiyoshi 3.95x 107 - - 1/1 P (1/1)

XDS 6.84 x 107 - - 1/1 P (1/1)

Daidzein 3 ECVAM 1.19 x 10°° - - 11 P (1/1)
Hiyoshi 7.39 x 107 - - 1/1 P (1/1)

XDS - - - 0/1 I1(1/1)

Dibenzo[a,h]anthracene 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/2 N (2/2)
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# Plates
for ECsy/

Study Cv # Plates Classifi-

Chemical Phase Laboratory ECsy (M) SD (%) Tested” cation®

XDS NC - - 0/1 P (/1)

Di-n-butyl phthalate 3 ECVAM 1.91 x 107 - - 11 P (/1)
Hiyoshi 7.98 x 10 6.60 x 107 8 2/2 P (2/2)

XDS - - - 0/4 1(22)

p.p-DDE 3 ECVAM - - - 0/1 1(1/1)
Hiyoshi - - - 0/4 N (4/4)

XDS NC - - 0/1 P (1/1)

Diethylhexyl phthalate 3 ECVAM - - - 0/1 1(1/1)
Hiyoshi - - - 0/1 1(1/1)

XDS - - - 0/1 I(1/1)

Dexamethasone 3 ECVAM 9.63 x 10 - - 1/1 P (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 1(1/1)

Se-Dihydrotestosterone 3 ECVAM - - - 0/1 1(1/1)
Hiyoshi 8.97 x 107 256 x 108 29 22 P (22)

XDS 222 x10° - - 1/1 P (1/1)

Dicofol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi NC - - 0/1 P (/1)

XDS 4.85x 1072 - - 12 P (1/1)

17-e Estradiol 3 ECVAM 2.46 x 10° 3.53 x 107 143 3/4 P (3/3)
Hiyoshi 332 x 10710 - - 1/1 P (1/1)

XDS 1.34 x 10" - - 12 P (1/1)

17-B Estradiol 3 ECVAM NC - - 0/2 P (1/1)
Hiyoshi 337 x 107" - - 1/1 P (1/1)

XDS - - - 0/1 I(1/1)

Ethyl paraben 3 ECVAM 3.19 x 107 - - 12 P (1/1)
Hiyoshi 2.12 %107 1.96 x 10 9 2/2 P (1/1)

XDS 3.52 x 10710 - - 1/1 P (1/1)

Estrone 3 ECVAM 236 x 107"° - - 12 P (1/1)
Hiyoshi 1.82 x 107"° - - 12 P (1/1)

XDS 2.03 x 107 - - 1/1 P (1/1)

Fluoranthene 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi 9.30 x 10 - - 1/1 P (1/1)

XDS 236 x 10! - - 12 P (1/1)

meso-Hexestrol 3 ECVAM 1.16 x 107 - - 1/4 P (1/1)
Hiyoshi 1.53x 101" | 3.77 x 1072 25 212 P (2/2)

XDS - - - 0/6 N (1/1)

Hydroxyflutamide 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
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# Plates
for ECsy/

Study Cv # Plates Classifi-

Chemical Phase Laboratory ECsy (M) SD (%) Tested” cation®

XDS 9.19 x 107 - - 172 P (1/1)

Kepone 3 ECVAM 1.23 x 107 - - 11 P (/1)
Hiyoshi 432 x107 - - 11 P (1/1)

XDS 7.65 % 10°° - - 12 P (1/1)

Kaempferol 3 ECVAM NC - - 0/1 P (1/1)
Hiyoshi 335 x 107 - - 1/1 P (1/1)

XDS 2.88 x 107 - - 1/4 P (2/2)

p.p'- Methoxychlor 3 ECVAM 1.22 x10° - - 171 P (1/1)
Hiyoshi 1.80 x 10°® 1.09 x 10°° 61 2/2 P (2/2)

XDS 2.62 %107 - - 12 P (/1)

Morin 3 ECVAM 2.68 x 107 - - 11 P (1/1)
Hiyoshi 4.80 x 107 - - 11 P (1/1)

XDS 522 x 107 4.50 x 107 86 3/6 P (3/3)

Methyl testosterone 3 ECVAM 1.25x 107 - - 111 P (1/1)
Hiyoshi 236 x10° - - 12 P (2/2)

XDS 1.39 x 107 7.25 x 10710 52 2/4 P (2/2)

Norethynodrel 3 ECVAM 3.65x 107" - - 12 P (1/1)
Hiyoshi 6.03 x 107° - - 12 P (22)

XDS - - - 0/1 I(1/1)

4-tert-Octylphenol 3 ECVAM 538 x 107 - - 111 P (1/1)
Hiyoshi 1.01 x 10 - - 1/3 P (3/3)

XDS - - - 0/1 I(1/1)

4-Hydroxytamoxifen 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/3 N (3/3)

XDS - - - 0/4 N (2/2)

Phenobarbital 3 ECVAM - - - 0/1 N (1/1)

Hiyoshi NT NT NT 0/0 NT

XDS 2.40 x 107 - - 12 P (1/1)

Phenolphthalein 3 ECVAM 9.99 x 107 - - 111 P (1/1)
Hiyoshi 833 x 107 1.24 x 107 15 2/2 P (2/2)

XDS 5.06 x 10° - - 1/4 P (2/2)

Progesterone 3 ECVAM 127 x 10°® - - 11 P (/1)
Hiyoshi 1.18 x 10°° 5.08 x 107 43 12 P (22)

XDS - - - 0/3 N (2/2)

Propylthiouracil 3 ECVAM - - - 0/3 I(1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 N (1/1)

Raloxifene HCI 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/2 N (2/2)
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# Plates
for ECsy/

Study Cv # Plates Classifi-

Chemical Phase Laboratory ECsy (M) SD (%) Tested” cation”

XDS 3.97 x 10 - - 12 P (1/1)

Resveratrol 3 ECVAM - - - 0/1 1(1/1)
Hiyoshi - - - 0/3 N (3/3)

XDS - - - 0/4 N (3/3)

Sodium azide 3 ECVAM - - - 0/3 1(1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS 1.18 x 10 - - 1/1 P (1/1)

2-sec-Butylphenol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi 2.95x 107 8.24 x 10 28 2/2 P (22)

XDS - - - 0/2 1(1/1)

Tamoxifen 3 ECVAM - - - 0/1 1(1/1)
Hiyoshi 6.73 x 10 - - 12 P (22)

2.4.5- XDS - - - 0/1 1(1/1)
Trichlorophenoxyacetic 3 ECVAM - - - 0/1 N (1/1)
acid Hiyoshi - - - 02 N (212)
XDS 4.88 x 107 5.77 x 107 118 3/4 P (3/3)

Testosterone 3 ECVAM NC - - 0/1 P (1/1)
Hiyoshi 9.95 x 107 - - 172 P (2/2)

12-0- XDS - - - 0/5 N (1/1)
Tetradecanoylphorbol- 3 ECVAM - - - 0/1 N (1/1)
13-acetate Hiyoshi - ; - 0/1 N (1/1)

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods;
ECso = half-maximal effective concentration; I = inadequate (positive or negative classification could not be determined
because of poor-quality data); M = molar; N = negative; NC = not calculated; NT = not tested; P = positive;

SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc.

* Values represent the number of acceptable plates used to determine the ECs, value vs. the total number of plates tested

(includes all acceptable and unacceptable plates).

® Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials.
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Table 4-13 Antagonist Summary Data for Phases 2a, 2b, and 3
# Plates
for 1C5y/

Study CvV # Plates Classifi-

Chemical Phase Laboratory IC5y (M) SD (%) Tested® cation”

XDS NC - - 0/6 P (3/3)

Dibenzo[a,h]anthracene 2a ECVAM NC - - 0/4 P (3/3)
Hiyoshi NC - - 0/3 P (3/3)

XDS - - - 0/6 N (3/3)

Progesterone 2a ECVAM - - - 0/4 N (3/3)
Hiyoshi - - - 0/3 N (3/3)

XDS - - - 0/6 N (3/3)

p-n-Nonylphenol 2a ECVAM - - - 0/4 N (2/3)
Hiyoshi - - - 0/3 N (3/3)

XDS 8.28 x 107 236 x 107 29 4/8 P (4/4)

Tamoxifen 2a ECVAM 431 x 107 2.69 x 107 6 3/10 P (3/3)
Hiyoshi L19x10° | 3.67x10° 31 33 P (3/3)

XDS - - - 0/3 N (3/3)

Apigenin 2b ECVAM - - - 0/5 N (3/3)
Hiyoshi - - - 0/4 N (4/4)

XDS - - - 0/5 N (4/4)

Atrazine 2b ECVAM - - - 0/5 N (3/3)
Hiyoshi - - - 0/3 N (3/3)

XDS - - - 0/3 N (3/3)

Butylbenzyl phthalate 2b ECVAM - - - 0/4 N (3/3)
Hiyoshi - - - 0/4 N (4/4)

XDS - - - 0/3 N (3/3)

Corticosterone 2b ECVAM - - - 0/4 N (3/3)
Hiyoshi - - - 0/3 N (3/3)

XDS - - - 0/3 N (3/3)

o' -DDT 2b ECVAM - - - 0/4 N (3/3)
Hiyoshi - - - 0/4 N (4/4)

XDS - - - 0/3 N (3/3)

Flavone 2b ECVAM - - - 0/5 N (3/3)
Hiyoshi - - - 0/4 N (4/4)

XDS - - - 0/3 N (3/3)

Genistein 2b ECVAM - - - 0/4 N (3/3)
Hiyoshi - - - 0/3 N (3/3)
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# Plates
for I1Csy/
Study Cv # Plates Classifi-

Chemical Phase Laboratory ICso (M) SD (%) Tested® cation”
XDS - - - 0/3 N (3/3)

Resveratrol 2b ECVAM - - - 0/5 N (3/3)
Hiyoshi - - - 0/3 N (3/3)

XDS 2.67 x 107 - - 1/6 P (1/1)

Actinomycin D 3 ECVAM 1.98 x 107 - - 1/3 P (1/1)
Hiyoshi NC - - 0/1 P (1/1)

XDS - - - 0/5 N (1/1)

Bisphenol A 3 ECVAM - - - 0/1 N 1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 1(1/1)

Bisphenol B 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 N (1/1)

Diethylstilbestrol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi 1.70 x 10 - - 111 P (1/1)

XDS - - - 0/1 N (1/1)

17-o¢ Ethinyl estradiol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 N (1/1)

4-Androstenedione 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 1(1/1)

Clomiphene citrate 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi NC - - 0/1 P (1/1)

XDS - - - 0/1 N (1/1)

Coumestrol 3 ECVAM - - - 0/3 N (0/2)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 N (1/1)

4-Cumylphenol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 N (1/1)

Daidzein 3 ECVAM - - - 0/1 N 1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/5 N (2/2)

Di-n-butyl phthalate 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
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# Plates
for I1Csy/
Study Cv # Plates Classifi-

Chemical Phase Laboratory ICso (M) SD (%) Tested® cation”
XDS - - - 0/1 N (1/1)

p.,p-DDE 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/3 N (1/1)

Diethylhexyl phthalate 3 ECVAM - - - 0/3 N (2/2)
Hiyoshi - - - 0/2 N (1/1)

XDS - - - 0/1 N (1/1)

Dexamethasone 3 ECVAM - - - 0/1 N 1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/6 N (1/1)

Se-Dihydrotestosterone 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 N (1/1)

Dicofol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/2 N (1/1)

XDS 426 x 10 - - 12 P (1/1)

17 Estradiol 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 1(1/1)

XDS - - - 0/4 N (1/1)

178 Estradiol 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/2 N (1/1)

Ethyl paraben 3 ECVAM - - - 0/3 N (2/2)
Hiyoshi - - - 0/2 N (1/1)

XDS - - - 0/2 N (1/1)

Estrone 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/6 N (1/1)

Fluoranthene 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/2 N (1/1)

XDS - - - 0/1 N (1/1)

meso-Hexestrol 3 ECVAM - - - 0/1 I(1/1)
Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 N (1/1)

Hydroxyflutamide 3 ECVAM - - - 0/3 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
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# Plates
for I1Csy/
Study Cv # Plates Classifi-

Chemical Phase Laboratory ICso (M) SD (%) Tested® cation”
XDS - - - 0/1 N (1/1)
Kepone 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/2 N (1/1)
XDS - - - 0/1 N (1/1)
Kaempferol 3 ECVAM - - - 0/1 N 1/1)
Hiyoshi - - - 0/1 N (1/1)
XDS - - - 0/5 N (1/1)
p,p'- Methoxychlor 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
XDS - - - 0/3 N (1/1)
Morin 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/2 N (1/1)
XDS - - - 0/6 N (1/1)
Methy] testosterone 3 ECVAM - - - 0/1 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
XDS - - - 0/3 N (1/1)
Norethynodrel 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/1 N (1/1)
XDS - - - 0/1 N (1/1)
4-tert-Octylphenol 3 ECVAM - - - 0/2 N (1/1)
Hiyoshi - - - 0/2 N (1/1)
XDS 4.13 x 107 5.77 x 107 140 2/3 P (3/3)
4-Hydroxytamoxifen 3 ECVAM - - - 0/2 1(1/1)
Hiyoshi 3.87 x 107 - - 1/1 P (1/1)
XDS - - - 0/1 N (1/1)
Phenobarbital 3 ECVAM - - - 0/2 N (1/1)

Hiyoshi NT NT NT 0/0 NT
XDS - - - 0/6 N (1/1)
Phenolphthalein 3 ECVAM - - - 0/3 N (2/2)
Hiyoshi - - - 0/1 N (1/1)
XDS - - - 0/5 N (1/1)
Propylthiouracil 3 ECVAM - - - 0/3 N 1/1)
Hiyoshi - - - 0/1 N (1/1)
XDS 2.16 x 107 - - 1/1 P (1/1)
Raloxifene HCI 3 ECVAM 5.41 x 10710 - - 1/1 P (1/1)
Hiyoshi 8.84 x 10717 - - /1 P (1/1)
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# Plates
for ICso/

Study Cv # Plates Classifi-

Chemical Phase Laboratory IC59 (M) SD (%) Tested” cation”

XDS - - - 0/4 N (1/1)

Sodium azide ECVAM - - - 0/4 N (1/1)

Hiyoshi - - - 0/2 N (1/1)

XDS - - - 0/1 N (1/1)

2-sec-Butylphenol ECVAM - - - 0/1 N 1/1)

Hiyoshi - - - 0/1 N (1/1)

2455 XDS - - - 0/1 N (1/1)

Trichlorophenoxyacetic ECVAM - - - 0/3 N (1/1)

id

ot Hiyoshi - - - 01 N (1/1)

XDS - - - 0/6 N (1/1)

Testosterone ECVAM - - - 0/4 N (1/1)

Hiyoshi - - - 0/1 N (1/1)

12-0- XDS - - - 0/4 N (2/2)

Tetradecanoylphorbol- ECVAM - - - 0/1 N (1/1)
13-acetate B )

Hiyoshi - - - 0/1 N (1/1)

XDS - - - 0/1 N (1/1)

Vinclozolin ECVAM - - - 0/1 N (1/1)

Hiyoshi - - - 0/1 N (1/1)

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods;
I = inadequate (positive or negative classification could not be determined because of poor-quality data); ICs, = half-
maximal inhibitory concentration; M = molar; N = negative; NC = not calculated; NT = not tested; P = positive;

SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc.

* Values represent the number of acceptable plates used to determine the ICs, value vs. the total number of plates tested
(includes all acceptable and unacceptable plates).

® Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials.

Table 4-14 Phase 4 Results from XDS
Agonist Antagonist
Chemical ECy' (M) | Classification” | # P2 | 1 s M) | Classification” | # Plates
17B8-Trenbolone 9.58 x 107 P (1/1) 2 - N (2/2) 4
19-Nortestosterone 1.80 x 10 P (1/1) 1 - N (1/1) 1
4-Hydroxyandrostenedione | 3.91 x 107 P (1/1) 2 - N (1/1) 1
Ammonium perchlorate - N (1/1) 3 - N (1/1) 1
Apomorphine - N (2/2) 3 NC P (1/1) 1
Bicalutamide - N (1/1) 2 - N (1/1) 1
Chrysin 320 x 10 P (2/2) 3 - N (1/1) 1
Cycloheximide - 1(2/2) 1 9.67 x 107 P (1/1) 1
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Agonist Antagonist
Chemical ECy' (M) | Classification” | # P12 | yc_ M) | Classification” | # P12t
Cyproterone acetate - N (1/2) 4 - N (1/1) 1
Fenarimol 4.59 x 10°° P (2/2) 6 - N 1/1) 4
Finasteride - N (1/1) 3 - N (1/1) 2
Fluoxymestrone 222x10° P (2/2) 4 - N (1/1) 1
Flutamide - 1(1/1) 3 - N (1/1) 1
Haloperidol - N (1/1) 3 - N (1/1) 1
Ketoconazole - N (1/1) 3 123 x 10° P (1/1) 3
L-Thyroxine - N (2/2) 4 - N (1/1) 1
Linuron - N (2/2) 5 - N (1/1) 1
ﬁgf;t‘;"ypmgesmone - N (2/2) 5 NC P (1/1) 1
Mifepristone - N (2/2) 2 - N (1/1) 1
Nilutamide NC P (1/1) 2 - N (2/2) 4
Oxazepam - 1(1/1) 3 - N (1/1) 1
Pimozide - N (1/1) 1 - N (1/1) 1
Procymidone - 1(1/1) 3 - N (1/1) 3
Reserpine - N (2/2) 5 - 1(1/1) 1
Spironolactone - N (1/1) 2 - N (1/1) 1

Abbreviations: ECs, = half-maximal effective concentration; I = inadequate (positive or negative classification could not be

determined because of poor-quality data); ICsy = half-maximal inhibitory concentration; M = molar; N = negative;

NC = not calculated; P = positive.
* ECs values are from one test, except 4-hydroxyandrostenedione (mean value from two tests [SD = 3.91 x 10,

coefficient of variation = 52%]).

® Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials.

¢ ICs, values are from one test.
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5.0 Accuracy of the BG1Luc ER TA Test Method

This section discusses the accuracy of the BG1Luc ER TA test method in the multilaboratory
validation effort. Accuracy is evaluated by assessing the following:

* Concordance: The proportion of all substances tested that are correctly classified as positive or
negative. It is a measure of test method performance, and it is often used interchangeably with
accuracy.

* Sensitivity: The proportion of all positive substances that are classified correctly as positive in a
test method. It is a measure of test method accuracy.

* Specificity: The proportion of all negative substances that are classified correctly as negative in a
test method. It is a measure of test method accuracy.

* False positive rate: The proportion of all negative (inactive) substances falsely identified as
positive. It is a measure of test method performance.

* False negative rate: The proportion of all positive (active) substances falsely identified as
negative. It is a measure of test method performance.

Each of these variables can be calculated as follows (Table 5-1):

Table 5-1 Template for Concordance Analysis
New Test Outcome
Positive Negative Total
Positive a c atc
Reference Test .
Classification Negative b d b+d
Total atb ct+d atb+c+d

a = positive in assay and positive by reference test classification

b = positive in assay and negative by reference test classification
¢ = negative in assay and positive by reference test classification
d = negative in assay and negative by reference test classification

Concordance = ([a+d]/[a+b+c+d])
Sensitivity = (a/[a+c])

Specificity = (d/[b+d])

False positive rate = (b/[b+d])

False negative rate (c/[a+tc])

The BG1Luc ER TA test method was evaluated for its ability to correctly identify ER agonists and
antagonists. For this analysis, test substance classification (positive or negative for ER
agonist/antagonist activity) obtained during the validation study was compared to the classification of
the same substance based on a preponderance of published data. Positive or negative classifications
based on BG1Luc ER TA data were based on the majority classification assigned using results from
each of the three participating laboratories (XDS, ECVAM, and Hiyoshi). For example, if a substance
tested positive at one laboratory but negative in the other two, the overall classification would be
negative for the accuracy calculations. Substances that failed to meet the decision criteria for either a
positive or negative response, defined in Section 2.7, are considered inadequate for analysis. The
classification of data as “inadequate” is due to poor data quality and would normally require retesting.
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However, this classification system was developed after testing was complete; therefore, these
substances were excluded from the accuracy analyses described here.

5.1 Substances Used for Accuracy Analysis

As detailed in Section 3.2, NICEATM completed a comprehensive literature review of available in
vitro data to identify substances that could be considered unequivocally positive or negative for ER
agonist or antagonist activity. A total of 48 unique reference substances were considered in the
evaluation of test method accuracy. Separate lists were generated for evaluating accuracy based on
agonist (42 substances: 33 positive, 9 negative) and antagonist (25 substances: 3 positive, 22
negative) activity. Nineteen substances appeared on both reference lists.

Table 5-2 lists the 42 reference substances used to evaluate test method accuracy for ER agonist
activity. Of these 42 substances, seven (17%) had inadequate testing results and were therefore
excluded from the analysis, leaving 35 (28 positive, 7 negative) substances for evaluation. The
following seven substances had inadequate BG1Luc ER TA agonist test method data:

* Clomiphene citrate

* pp-DDE

* Sx-Dihydrotestosterone
*  Flutamide

*  Procymidone

* Resveratol

¢ Tamoxifen

These seven substances represent eight chemical classes (two cyclic hydrocarbons and one each of an
amide, amine, carboxylic acid, halogenated hydrocarbon, heterocyclic compound, polycyclic
compound, and steroid) and five product classes (four pharmaceuticals and one each of a fungicide,
natural product, pesticide intermediate, and veterinary agent). The diversity of chemical and product
classes indicates that no one category or class is overrepresented with inadequate data. Again, it
should be emphasized that the “inadequate” classification is usually a result of poor data quality and
would normally require retesting. However, this classification system was developed after testing was
complete; therefore, retesting of these substances was not possible.

Table 5-3 lists the 25 reference substances used to evaluate test method accuracy for ER antagonist
activity. Definitive classifications (positive or negative) were obtained for all 25 substances tested,
allowing all substances to be used for the assessment of antagonist accuracy.
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Table 5-2 42 ICCVAM-Recommended Substances Used to Evaluate ER Agonist Accuracy
Classification®
Substance CASRN égfs‘(;?sl:[s ]il(lil]f;c . XDS ECVAM Hiyoshi
Consensus

17 c-Estradiol 57-91-0 POS POS POS (1/1) POS (3/3) | POS (2/2)
17 <-Ethinyl estradiol | 57-63-6 POS POS POS (3/3) POS (3/3) | POS (3/3)
17B-Estradiol 50-28-2 POS POS POS (1/1) POS (1/1) | POS (1/1)
19-Nortestosterone 434-22-0 POS POS POS (1/1) NT NT
4-Cumylphenol 599-64-4 POS POS POS (1/1) POS (1/1) | POS (1/1)
4-tert-Octylphenol 140-66-9 POS POS 1(1/1) POS (1/1) | POS (2/2)
ISDTI;ydrotestosterone 521-18-6 POS 1 I(1/1) I(1/1) POS (1/1)
Apigenin 520-36-5 POS POS POS (1/1) POS (1/1) | POS (1/1)
Atrazine 1912-24-9 NEG NEG NEG (3/3) | POS (3/3) | NEG (3/3)
Bicalutamide 90357-06-5 NEG NEG NEG (1/1) NT NT
Bisphenol A 80-05-7 POS POS POS (3/3) POS (3/3) | POS (3/3)
Bisphenol B 77-40-7 POS POS POS (3/3) POS (3/3) | POS (3/3)
Butylbenzyl phthalate | 85-68-7 POS POS POS (3/3) | POS (3/3) | POS (3/3)
Chrysin 480-40-0 POS POS POS (2/2) NT NT
Clomiphene citrate 50-41-9 POS I 1(1/1) NEG (1/1) | POS (1/1)
Corticosterone 50-22-6 NEG NEG NEG (3/3) POS (3/3) | NEG (3/3)
Coumestrol 479-13-0 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Daidzein 486-66-8 POS POS POS (1/1) POS (1/1) | POS (1/1)
Dicofol 115-32-2 POS POS POS (1/1) NEG (1/1) | POS (1/1)
Diethylstilbestrol 56-53-1 POS POS POS (3/3) POS (3/3) | POS (3/3)
Estrone 53-16-7 POS POS POS (1/1) | POS(1/1) | POS (1/1)
Ethyl paraben 120-47-8 POS POS I(1) POS (1/1) | POS (1/1)
Fenarimol 60168-88-9 POS POS POS (1/1) NT NT
Flutamide 13311-84-7 NEG I I[(1) NT NT
Genistein 446-72-0 POS POS POS (3/3) | POS (3/3) | POS (4/4)
Hydroxyflutamide 52806-53-8 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Kaempferol 520-18-3 POS POS POS (1/1) POS (1/1) | POS (1/1)
Kepone 143-50-0 POS POS POS (1/1) POS (1/1) | POS (1/1)
L-Thyroxine 51-48-9 POS NEG NEG (1/1) NT NT
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Classification®
mance [ SN reevam | Tk T xps | Eevam | o
Consensus
Linuron 330-55-2 NEG NEG NEG (1/1) NT NT
meso-Hexestrol 84-16-2 POS POS POS (1/1) POS (1/1) | POS (1/1)
Methyl testosterone 58-18-4 POS POS POS (3/3) POS (1/1) | POS (2/2)
Norethynodrel 68-23-5 POS POS POS (2/2) POS (1/1) | POS (2/2)
o,p’-DDT 789-02-6 POS POS POS (3/3) POS (3/3) | POS (3/3)
p-n-Nonylphenol 104-40-5 POS POS POS (3/3) POS (3/3) | POS (2/3)
p,p’-DDE 72-55-9 POS I I(1/1) I(1/1) NEG (1/1)
p,p’-Methoxychlor 72-43-5 POS POS POS (1/1) POS (1/1) | POS (2/2)
Phenobarbital 50-06-6 NEG NEG NEG (1/1) | NEG (1/1) NT
Procymidone 32809-16-8 NEG I 1(1/1) NT NT
Resveratrol 501-36-0 POS I POS (1/1) I(1/1) NEG (1/3)
Spironolactone 52-01-7 NEG NEG NEG (1/1) NT NT
Tamoxifen 10540-29-1 POS I 1(1/1) 1(1/1) POS (1/1)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods; I = inadequate
(positive or negative classification could not be determined because of poor-quality data); ICCVAM = Interagency
Coordinating Committee on the Validation of Alternative Methods; NEG = negative; NT = not tested; POS = positive;
XDS = Xenobiotic Detection Systems, Inc.

Numbers in parentheses represent test results (POS, NEG, or I) over the total number of trials that met test plate
acceptance criteria.

BGI1Luc ER TA consensus classification represents the majority classification among the three validation laboratories.

Table 5-3 25 ICCVAM-Recommended Substances Used to Evaluate ER Antagonist

Accuracy
Classification®
anee | GOSN eevant | Tl L xps | povam | s
Consensus
170~Ethinyl estradiol 57-63-6 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
4-Hydroxytamoxifen 68047-06-3 POS POS POS (1/1) 1(2/2) POS (1/1)
]5)?1-1y drotestosteronc 521-18-6 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Apigenin 520-36-5 NEG NEG NEG (3/3) | NEG (3/3) | NEG (4/4)
Bisphenol A 80-05-7 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Butylbenzyl phthalate 85-68-7 NEG NEG NEG (3/3) | NEG (3/3) | NEG (4/4)
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Classification®
anee | AN reovam | | xbs | Bovam | Hivos
Consensus

Chrysin 480-40-0 NEG NEG NEG (1/1) NT NT

Coumestrol 479-13-0 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Daidzein 486-66-8 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Di-n-butyl phthalate 84-74-2 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Dicofol 115-32-2 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Diethylhexyl phthalate | 117-81-7 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Diethylstilbestrol 56-53-1 NEG NEG NEG (1/1) | NEG (1/1) | POS (1/1)
Genistein 446-72-0 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
Kaempferol 520-18-3 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Kepone 143-50-0 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Mifepristone 84371-65-3 NEG NEG NEG (1/1) NT NT

Norethynodrel 68-23-5 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
o,p’-DDT 789-02-6 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
p-n-Nonylphenol 104-40-5 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
p.p -DDE 72-55-9 NEG NEG NEG (1/1) | NEG (1/1) | NEG (1/1)
Progesterone 57-83-0 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
Raloxifene HCI 82640-04-8 POS POS POS (1/1) | POS (1/1) | POS (1/1)
Resveratrol 501-36-0 NEG NEG NEG (3/3) | NEG (3/3) | NEG (3/3)
Tamoxifen 10540-29-1 POS POS POS (3/3) | POS (3/3) | POS (3/3)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods; I = inadequate
(positive or negative classification could not be determined because of poor-quality data); ICCVAM = Interagency
Coordinating Committee on the Validation of Alternative Methods; NEG = negative; NT = not tested; POS = positive;
XDS = Xenobiotic Detection Systems, Inc.

* Numbers in parentheses represent test results (POS, NEG, or I) over the total number of trials that met test plate
acceptance criteria.

® BGI1Luc ER TA consensus classification represents the majority classification among the three validation laboratories.
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Accuracy Analysis of the BG1Luc ER TA Agonist Test Method

The accuracy analysis using the 35 ICCVAM reference substances that produced a definitive BG1Luc
ER TA result in agonist testing indicated accuracy of 97% (34/35), sensitivity of 96% (27/28),
specificity of 100% (7/7), false positive rate of 0% (0/7), and false negative rate of 4% (1/28)

(Table 5-4).
Table 5-4 Accuracy of the BG1Luc ER TA Agonist Test Method
e P False Positive False Negative
N Accuracy Sensitivity Specificity Rate Rate
350 97% 96% 100% 0% 4%
(34/35) (27/28) (7/7) (0/7) (1/28)

Abbreviations: N = number.

* A total 42 substances were evaluated in the BG1Luc ER TA agonist test method. Seven substances did not produce a
consensus classification and were omitted, leaving 35 substances for analysis.

5.2.1

Discordant Results for Agonist Analysis

Among the 35 substances used to calculate accuracy statistics, only L-thyroxine was a false negative
in the BG1Luc ER TA test method when compared to the ICCVAM reference classification

(Table 5-5). This Phase 4 substance was tested once in one laboratory, XDS. This substance is
classified as positive (2/3) by ICCVAM based on two reports of positive agonist activity and one
report of no agonist activity. The two positive results were in GH3 cells (rat pituitary adenoma)
(Fujimoto et al. 2004) and HeLa cells (human cervical carcinoma) (Takeyoshi 2006), whereas MCF-7
cells (human breast adenocarcinoma) (Fujimoto et al. 2004) showed no estrogenic response when
exposed to L-thyroxine. These reports indicate a possible tissue-specific response to this chemical,
which may explain the lack of ER agonist activity observed in this experiment with BG-1 cells
(human ovarian carcinoma).

Table 5-5 Discordant Substance in the BG1Luc ER TA Agonist Test Method
MeSH BGI1Luc ER ICCVAM
Substance CASRN Chemical Product Class TA Reference
Class Classification Classification
. . . Pharmaceutical,
L-Thyroxine 51-48-9 Amino Acid . NEG POS
Veterinary Agent

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); ICCVAM = Interagency Coordinating Committee on the Validation of Alternative
Methods; MeSH = Medical Subject Headings (National Library of Medicine); NEG = negative; N = number;

POS = positive.

53

Accuracy Analysis of the BG1Luc ER TA Antagonist Test Method

Accuracy analysis conducted with the 25 reference substances that produced a definitive result in
antagonist testing showed an overall accuracy of 100% (25/25), sensitivity of 100% (3/3), specificity
of 100% (22/22), false positive rate of 0% (0/22), and false negative rate of 0% (0/3) (Table 5-6).
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Table 5-6 Accuracy of the BG1Luc ER TA Antagonist Test Method

e s o False Positive False Negative
N Accuracy Sensitivity Specificity Rate Rate
55 100% 100% 100% 0% 0%
(25/25) (3/3) (22/22) (0/22) (0/3)

Abbreviations: N = number.

54 Comparison of BG1Luc ER TA Results with CERI-STTA (U.S. EPA OPPTS 890.1300)
Results

The CERI-STTA (OECD 2009; Takeyoshi 2006) method for assessing ERa agonist activity of test
substances is currently the only ER TA test method accepted by regulatory agencies. This test system
utilizes the hERo-HeLa-9903 cell line, which is derived from a human cervical tumor, with two
stably inserted constructs: the hERa expression construct (encoding the full-length human receptor)
and a firefly luciferase reporter construct bearing five tandem repeats of a vitellogenin ERE driven by
a mouse metallothionein promoter TATA element. Because the BG1Luc ER TA test method is
another STTA that could be considered for regulatory use, a comparison of test method accuracy
between these two test methods was conducted based on a list of [ICCVAM-recommended agonist
reference substances for which definitive classifications have been produced in both methods. These
substances are listed in Table 5-7. The results show identical levels of accuracy when both methods
tested the same agonist reference chemicals: concordance of 96% (25/26), sensitivity of 95% (21/22),
and specificity of 100% (4/4) (Table 5-8 and Table 5-9). The test methods differed only in the one
false negative from each method: L-thyroxine was false negative in the BG1Luc ER TA test method,
and p-n-nonylphenol was false negative in the CERI-STTA. Overall, these data suggest a very high
level of agreement in the performance of these two assays.

Table 5-7 Substances Used in the Evaluation of Accuracy of the BG1Luc ER TA and
CERI-STTA Test Method Results

Substance CASRN Reforence | BRTA | CERESTTA
Classification Classification
170-Estradiol 57-91-0 POS POS POS
170-Ethinyl estradiol 57-63-6 POS POS POS
17B-Estradiol 50-28-2 POS POS POS
4-Cumylphenol 599-64-4 POS POS POS
4-tert-Octylphenol 140-66-9 POS POS POS
Apigenin 520-36-5 POS POS POS
Atrazine 1912-24-9 NEG NEG NEG
Bisphenol A 80-05-7 POS POS POS
Bisphenol B 77-40-7 POS POS POS
Butylbenzyl phthalate 85-68-7 POS POS POS
Corticosterone 50-22-6 NEG NEG NEG
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Substance CASR Reference | ERTA | CERESTTA
Classification Classification
Coumestrol 479-13-0 POS POS POS
Daidzein 486-66-8 POS POS POS
Diethylstilbestrol 56-53-1 POS POS POS
Estrone 53-16-7 POS POS POS
Ethyl paraben 120-47-8 POS POS POS
Genistein 446-72-0 POS POS POS
Kaempferol 520-18-3 POS POS POS
Kepone 143-50-0 POS POS POS
Linuron 330-55-2 NEG NEG NEG
L-Thyroxine 51-48-9 POS NEG POS
Methyl testosterone 58-18-4 POS POS POS
Norethynodrel 68-23-5 POS POS POS
p-n-Nonylphenol 104-40-5 POS POS NEG
p.p -Methoxychlor 72-43-5 POS POS POS
Spironolactone 52-01-7 NEG NEG NEG

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); CERI = Chemicals Evaluation and Research Institute, Japan; I = inadequate (positive or
negative classification could not be determined because of poor-quality data); ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; NEG = negative; OECD = Organisation for Economic
Co-operation and Development; POS = positive; STTA = stably transfected transactivation assay.

* Data published by the Chemicals Evaluation and Research Institute, Japan (CERI) (Takeyoshi 2006).

Table 5-8 Accuracy of the BG1Luc ER TA Test Method Assessed Using Agonist Reference
Chemicals Listed in Table 5-7

BG1Luc ER TA Agonist Classification
Positive Negative Total
Positive 21 1 22
ICCVAM Consensus .
Classification Negative 0 4 4
Total 21 5 26

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods.

Concordance  96% (25/26)
Sensitivity 95% (21/22)
Specificity 100% (4/4)
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Table 5-9 Accuracy of the CERI-STTA Method Assessed Using Agonist Reference
Chemicals Listed in Table 5-7

CERI-STTA Classification
Positive Negative Total
Positive 21 1 22
ICCVAM Consensus .
Classification Negative 0 4 4
Total 21 5 26

Abbreviations: CERI = Chemicals Evaluation and Research Institute, Japan; ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; STTA = stably transfected transactivation assay.

Concordance  96% (25/26)
Sensitivity 95% (21/22)
Specificity 100% (4/4)

5.5 Comparison of BG1Luc ER TA ECs and ICsy Values with Values from ICCVAM
Reference Data

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative assessment
of estrogenic/anti-estrogenic activity, quantitative measures of activity (i.e., ECs and ICs, values) are
usually obtained for positive results. ECs and ICs values obtained from BG1Luc ER TA test results
were compared to median values from other ER TA test methods reported in the literature. The
substances used for these comparisons are listed in Table 5-10 for ECsy and Table 5-11 for ICs,
comparisons. Regression analyses of these data are presented in Figures 5-1 and 5-2, respectively.

Based on ECs, values obtained for 26 substances, the correlation coefficient between the log ECs, for
the BG1Luc ER TA agonist test method and that reported for other ER TA test methods in the
literature was R? = 0.839. Although ECs, values can differ by an order of magnitude between
methods, this relatively high correlation indicates that the BG1Luc ER TA agonist test method might
be considered for quantitative as well as qualitative assessment of estrogenic activity.

Likewise, based on ICs, values obtained for three substances, the correlation coefficient between the
log ICs, for the BG1Luc ER TA antagonist test method and that reported for other ER TA test
methods in the literature was R = 0.95. Again, this high correlation suggests that the BG1Luc ER TA
test method might also be considered for quantitative as well as qualitative assessment of anti-
estrogenic activity. However, this conclusion is necessarily limited by the small number of substances
(n = 3) upon which it is based.

Table 5-10 Median ECsy Values for Substances Used to Generate ECs, Linear Regression

Substance BG1Luc ER TA Median ICCVAM Reference
ECs5y (M) Data Median EC5, (M)
170-Estradiol 3.02x 107 520 x 10
170-Ethinyl estradiol 7.09 x 1072 520 x 10
17p-Estradiol 3.37x 107" 8.65 x 107"
19-Nortestosterone 1.65 x 107 2.00 x 107
4-Cumylphenol 3.03 x 10" 3.22 x 10"
4-tert-Octylphenol 2.08 x 10 1.00 x 10"
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Substance BG1Luc ER TA Median ICCVAM Reference
ECs5y (M) Data Median EC5, (M)
Sa-Dihydrotestosterone 8.97 x 10 1.33 x 107
Apigenin 1.40 x 107 7.65 x 10"
Bisphenol A 3.95x 10" 5.00 x 10”7
Bisphenol B 236 x 10" 9.20 x 10
Coumestrol 1.31x 1077 1.60 x 10
Daidzein 6.75 x 107" 4.90 x 10"
Dicofol 222 x 10 7.05 x 107
Diethylstilbestrol 2.08 x 10" 6.60 x 107"
Estrone 2.16 x 1077 2.10 x 10
Fenarimol 9.15 x 107 7.00 x 10
Genistein 3.00 x 10"’ 6.75 x 10
Kaempferol 2.55 x 10" 1.60 x 10"
meso-Hexestrol 1.62 x 10" 1.00 x 107°
Methyl testosterone 6.49 x 10"’ 1.58 x 10
Norethynodrel 1.26 x 10" 6.40 x 10
o,p-DDT 422 x 10" 1.69 x 10
p-n-Nonylphenol 2.50 x 107 3.60 x 1077
p.p -Methoxychlor 8.43 x 10" 525 x 107
Tamoxifen 6.73 x 10 530 x 10"
Testosterone 4.85x 10" 2.00 x 107

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ECs, = half-maximal effective
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar.

Table 5-11 Median ICsy Values for Substances Used to Generate ICs, Linear Regression
Substance Name BG1Luc ER TA Median ICCVAM Reference
I1C5 (M) Data Median I1Csy (M)
4-Hydroxytamoxifen 4.94 x 10 213 x10%
Raloxifene HCI 124 x 107 231 x10%
Tamoxifen 7.12 x 1077 4.00 x 10"

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ICsy = half-maximal inhibitory
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar.
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Figure 5-1 Relationship of ECsy Values Obtained in the BG1Luc ER TA Test Method and
ECsy Values from ICCVAM Reference Data

ICCVAM Ref Data Median Log ( EC5)

-12 Y Y
-12 -10 -8 -6 -4 -2
BG1Luc ER TA Median (Log ECy)

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ECs, = half-maximal effective
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods.

Each point in this figure represents a median ECs, value obtained in the BG1Luc ER TA test method compared with the
median ICCVAM ECs, value (from the literature reference data updated in 2010, discussed in Section 3 and provided in
Annex N).

Figure 5- 2 Relationship of ICsy Values Obtained in the BG1Luc ER TA Test Method and
ICsy Values from ICCVAM Reference Data
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Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ICsy = half-maximal inhibitory
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods.

Each point in this figure represents a median ICs, value obtained in the BG1Luc ER TA test method compared with the
median ICCVAM ICs, value (from the literature reference data updated in 2010, discussed in Section 3 and provided in
Annex N).
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5.6 Concordance of BG1Luc ER TA Results with Estrogen Receptor Binding Results

Results from the BG1Luc ER TA test method were examined for concordance with published reports
of ER binding. ER binding results for the 34 reference substances used for this analysis, along with
agonist and antagonist test results from the BG1Luc ER TA test method, are provided in Table 5-12.
Because results in binding studies only indicate the ability to bind the ER receptor and therefore do
not distinguish between agonist or antagonist activity, a positive result in the BG1Luc ER TA test
method for either agonist or antagonist activity was considered positive in the concordance analysis
provided in Table 5-13. There was 97% (33/34) concordance between the BG1Luc ER TA test
method and ER binding data from the literature. The single discordant test substance was
medroxyprogesterone acetate (MPA), which was positive in the BG1Luc ER TA antagonist assay but
was reported in two published studies as negative for ER binding. MPA was tested once during

Phase 4 at one participating laboratory. XDS reported an ICs, of 5.0 x 10™ M. In light of the excellent
degree of agreement between ER binding and the BG1Luc ER TA test method (with no false negative
results), it appears that evaluating results from the BG1Luc ER TA agonist and antagonist testing
would provide a viable alternative to conducting ER binding studies. This cannot currently be
accomplished with the only accepted ER TA method due to the inability of the CERI-STTA to assess
ER antagonist activity.

Table 5-12 Substances Used to Assess BG1Luc ER TA Concordance with ER Binding Data

BG1 BG1 Overall BG1 ER Binding
Substance CASRN Agonist Antagonist Classification Classification
Classification | Classification (Literature)
17a-Estradiol 57-91-0 POS I POS POS
170-Ethinyl estradiol 57-63-6 POS NEG POS POS
17B-Estradiol 50-28-2 POS NEG POS POS
2-sec-Butylphenol 89-72-5 POS NEG POS POS
4-Cumylphenol 599-64-4 POS NEG POS POS
4-Hydroxytamoxifen | 68047-06-3 NEG POS POS POS
4-tert-Octylphenol 140-66-9 POS NEG POS POS
Apigenin 520-36-5 POS NEG POS POS
Bisphenol A 80-05-7 POS NEG POS POS
Bisphenol B 77-40-7 POS NEG POS POS
Butylbenzyl phthalate 85-68-7 POS NEG POS POS
Corticosterone 50-22-6 NEG NEG NEG NEG
Coumestrol 479-13-0 POS NEG POS POS
Daidzein 486-66-8 POS NEG POS POS
Dicofol 115-32-2 POS NEG POS POS
Diethylstilbestrol 56-53-1 POS NEG POS POS
Estrone 53-16-7 POS NEG POS POS
Ethyl paraben 120-47-8 POS NEG POS POS
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BG1 BG1 Overall BG1 ER Binding
Substance CASRN Agonist Antagonist Classification Classification
Classification | Classification (Literature)
Fenarimol 60168-88-9 POS NEG POS POS
Genistein 446-72-0 POS NEG POS POS
Kaempferol 520-18-3 POS NEG POS POS
Kepone 143-50-0 POS NEG POS POS
L-Thyroxine 51-48-9 NEG NEG NEG NEG
i’c[zf:t‘:‘ypmgemrone 71-58-9 NEG POS POS NEG
meso-Hexestrol 84-16-2 POS NEG POS POS
Mifepristone 84371-65-3 NEG NEG POS POS
Morin 480-16-0 POS NEG POS POS
Norethynodrel 68-23-5 POS NEG POS POS
o,p-DDT 789-02-6 POS NEG POS POS
p-n-Nonylphenol 104-40-5 POS NEG POS POS
p,p-Methoxychlor 72-43-5 POS NEG POS POS
Phenolphthalin 81-90-3 POS NEG POS POS
Raloxifene HCI 82640-04-8 NEG POS POS POS
Tamoxifen 10540-29-1 I POS POS POS

Abbreviations: BG1 = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number (American
Chemical Society); ER = estrogen receptor; I = inadequate (positive or negative classification could not be determined

because of poor-quality data); NEG = negative; POS = positive.

Table 5-13

ER Binding

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ER = estrogen receptor.

Concordance

5.7

Concordance of BG1Luc ER TA Results and ER Binding Results

BG1Luc ER TA Classification

Positive Negative Total
Positive 31 0 31
Negative 1 2 3
Total 32 2 34

97% (33/34)

Comparison of BG1Luc ER TA Results with Uterotrophic Assay Results

Results from the BG1Luc ER TA test method were examined for concordance with published data
from the uterotrophic assay (Owens and Ashby 2002; Owens and Koeter 2003). Data from the
uterotrophic assay were available for 13 substances tested in the BG1Luc ER TA agonist test method
(Table 5-14). Based on a comparison with the in vivo uterotrophic assay classification, the

13 substances with conclusive test results in the BG1Luc ER TA agonist test method produced overall
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concordance of 92% (12/13) (Table 5-15). All substances found positive in the uterotrophic assay
were also positive in the BG1Luc ER TA method. The only discordant substance, butylbenzyl
phthalate, was positive for ER agonist activity in the BG1Luc ER TA agonist test method and
negative in the uterotrophic assay. These data indicate that the BG1Luc ER TA agonist test method
has very good agreement with the in vivo results obtained with the uterotrophic assay, with no false

negative results.

Table 5-14 Substances Used in the Comparison of BG1Luc ER TA Agonist Classification
and In Vivo Uterotrophic Assay Data
BG1Luc ER Overall OECD Study | CERI Stud

ICCVAM Reference : Uterotrophic Y Y

CASRN TA Agonist Uterotrophic | Uterotrophic

Substance . . Assay Study a b

Classification Data Assay Data Assay Data

170 Estradiol 57-91-0 POS POS NT POS
170 Ethinyl estradiol 57-63-6 POS POS POS POS
4-tert-Octylphenol 140-66-9 POS POS NT POS
4-Cumylphenol 599-64-4 POS POS NT POS
Bisphenol A 80-05-7 POS POS POS POS
Bisphenol B 77-40-7 POS POS NT POS
Butylbenzyl phthalate 85-68-7 POS NEG NEG NEG
Daidzein 486-66-8 POS POS NT POS
Estrone 53-16-7 POS POS NT POS
Genistein 446-72-0 POS POS POS POS
Ketoconazole 65277-42-1 NEG NEG NT NEG
Methyl testosterone 58-18-4 POS POS NT POS
o,p’-DDT 789-02-6 POS POS POS NT

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number
(American Chemical Society); CERI = Chemicals Evaluation and Research Institute, Japan; NEG = negative; NT = not
tested; OECD = Organisation for Economic Co-operation and Development; POS = positive.

* Pooled data from the validation of the OECD uterotrophic bioassay (Kanno et al. 2003a, 2003b; Owens and Ashby 2002).
® Data published by the Chemicals Evaluation and Research Institute, Japan (CERI), as part of a comparison database of

ER TA and uterotrophic data (Takeyoshi 2006).
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Table 5-15
Uterotrophic Assay Data

Concordance of BG1Luc ER TA Agonist Classification and In Vivo

BG1Luc ER TA Agonist Classification

Positive Negative Total
Positive 11 0 11
In Vivo Uterotrophic Negative ) 1 >
Data
Total 12 1 13

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method.

Concordance  92% (12/13)
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6.0 Test Method Reliability

An assessment of test method reliability (intra- and interlaboratory reproducibility) is an essential
element of any evaluation of the performance of an alternative test method (ICCVAM 2003b).
Intralaboratory reproducibility refers to the extent to which qualified personnel within the same
laboratory can replicate results using a specific test protocol. Interlaboratory reproducibility refers to
the extent to which different laboratories can replicate results using the same protocol and test
substances. Interlaboratory reproducibility indicates the extent to which a test method can be
transferred successfully among laboratories.

This section describes the reliability assessment for the BG1Luc ER TA test method, which was
based on validation study results for substances tested multiple times within and across laboratories.

6.1 Intralaboratory Reproducibility

As discussed in Section 4.2, the agonist and antagonist DMSO control and antagonist E2 control
RLU values were the only quantitative values used for acceptance criteria for agonist test plates
throughout the study; therefore, intralaboratory reproducibility of the BG1Luc ER TA agonist and
antagonist test methods was assessed by comparing (1) RLU values for the agonist and antagonist
DMSO control and the antagonist E2 control for all plates tested within each laboratory during the
course of the validation study and (2) results from Phases 2a and 2b testing, during which

12 substances were tested in at least three independent experiments in each of the three participating
laboratories (XDS, ECVAM, and Hiyoshi).

6.1.1 Agonist DMSO Control

Because DMSO control RLU values are not normalized, they can vary considerably between test
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the
within-plate variability (CV) of the four replicate DMSO control RLU values for all test plates that
passed acceptance criteria. The range of means and CV values for within-plate DMSO control RLU
values are provided in Table 6-1. (See Annex L for the mean and CV values of individual agonist
test plates.) Although mean plate DMSO RLU values ranged from a low of 511 to a high of 9885,
with a mean of 3749, within-plate variability of DMSO control RLU values between replicate DMSO
wells was low, with CV values ranging from 1% to 43% and a mean of 8%. Of the 218 agonist test
plates that met acceptance criteria, only six plates had within-plate CV values greater than 20%. (See
Annex L for individual test plate mean DMSO control RLU values and associated CV values.)
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Table 6-1 Agonist Within-Plate DMSO Control Data

Laborator Mean and Range of DMSO | Mean and Range of N
y Control RLU Values CV (%)
2800 8
XDS 93
(511-9885) (1-43)
3379 8
ECVAM 60
(828-73006) (1-33)
) ) 5465 6
Hiyoshi 65
(1362-9383) (1-24)
. 3749 8
All Laboratories 218
(511-9885) (1-43)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation

of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Figures 6-1 through 6-3 show the within-plate agonist DMSO control RLU values for Phase 1 of the
validation study as examples of the low variability for this parameter. As discussed above, within-
plate CVs were low throughout the validation study.

Figure 6-1 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at XDS
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Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.
Within-plate DMSO variance at XDS during Phase 1 was fairly low, with coefficients of variation ranging from 5% to 9%.
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Figure 6-2 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at ECVAM
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Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.

Within-plate DMSO variance at ECVAM during Phase 1 was fairly low, with coefficients of variation ranging from 2% to 14%.

Figure 6-3 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at Hiyoshi
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Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.
Within-plate DMSO variance at Hiyoshi during Phase 1 was fairly low, with coefficients of variation ranging from 4% to 15%.

6.1.2 Agonist E2 Reference Standard ECsy and Methoxychlor Control

Although E2 reference standard ECsy and Met control RLU values were not used for plate acceptance
after Phase 2a of the validation study (see Section 2.7.1), these values were collected throughout the
study for information purposes. The means and SDs for these parameters from all plates that passed
acceptance criteria are provided in Table 6-2.

Table 6-2 Agonist E2 ECso and Methoxychlor Control Values
Laboratory Mean SD N
E2 Reference Standard ECs, (M)

XDS Lix10" 6.7x 107" 93
ECVAM 1.1x10™" 1.9x10™" 60
Hiyoshi 8.0x 10" 2.8x 10" 65

Methoxychlor (RLU)

XDS 6075 1283 93
ECVAM 6246 1609 60
Hiyoshi 8029 1233 65

Abbreviations: ECso = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative
Methods; M = molar; N = number of plates that passed acceptance criteria; RLU = relative light unit: SD = standard
deviation; XDS = Xenobiotic Detection Systems, Inc.

As shown in Table 6-2, mean E2 reference standard ECs, values ranged from 8.0 x 10" to
1.1 x 10" M. Met control RLU values, which ranged from 6075 to 8029, were highest at Hiyoshi and
lowest at XDS.

E2 reference standard ECs, and Met control RLU values for all plates tested during the validation
study are presented in Figures 6-4 and 6-5, respectively. The three laboratories were relatively
consistent when data from only acceptable plates were considered. These data also indicated that the
variability of each parameter is generally higher when only values obtained from plates that failed one
or more acceptance criteria were considered. With the exception of E2 ECsy at XDS, all outlier values
among the parameters evaluated were associated with these failed plates.
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Figure 6-4 Agonist E2 Reference Standard ECs, Values
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Abbreviations: ECsy = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative
Methods; M = molar; XDS = Xenobiotic Detection Systems, Inc.

Each point represents a single plate.

An ECsq value (1.18 x 10 M) from one experiment that failed acceptance criteria at XDS was excluded from the graph to
minimize scale distortion.

ECs values (1.69 x 107 M and 7.78 x 10! M) from two experiments that passed acceptance criteria at XDS were excluded
from the graph to minimize scale distortion.

An ECsgvalue (1.56 x 10"'° M) from one experiment that passed acceptance criteria at ECVAM was excluded from the
graph to minimize scale distortion.
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Figure 6-5 Agonist Methoxychlor Control Values
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Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Each point represents a single plate.

Methoxychlor control values (35581, -74511, and -6995) from three experiments that failed acceptance criteria at XDS were
excluded from this graph to minimize scale distortion.

Methoxychlor control values (-127587 and -8464) from two experiments that failed acceptance criteria at ECVAM were
excluded from the graph to minimize scale distortion.

6.1.3 Intralaboratory Reproducibility of Phase 2 Agonist Reference Substances

As described in Section 2.0, test substances were classified as positive or negative for agonist activity
based on a specific set of criteria. The resulting classifications for each of the 12 substances that were
tested at least three times at each laboratory were used to evaluate the extent of intralaboratory
agreement (see Table 6-3). Although the classifications for some of the test substances differed
among the laboratories, there was 100% agreement within each laboratory for each of the three repeat
tests. No “inadequate” data were generated at any laboratory during this phase of the validation study.
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Table 6-3 Intralaboratory Agreement for Multiple Testing of 12 Phase 2 Agonist
Substances Tested Independently Three Times at Each Laboratory

Activity per Test XDS ECVAM Hiyoshi
Agreement Within 0 o 0
Laboratory 12/12 (100%) 12/12 (100%) 12/12 (100%)
+++ 8/12 12/12 9/12
- 4/12 0/12 3/12
Discordance Within o N o
Laboratory 0/12 (0%) 0/12 (0%) 0/12 (0%)
++- 0/12 0/12 0/12
+—= 0/12 0/12 0/12

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

+ denotes a positive test result.

- denotes a negative test result.

+++ indicates that each of three replicate tests within each laboratory had a classification as positive.
--- indicates that each of three replicate tests within each laboratory had a classification as negative.

++- indicates that a test substance was classified as positive in two of three replicate tests. The substance was classified as
negative in a third replicate test.

+-- indicates that the test substance was classified as positive in one of three replicate tests. The substance was classified as
negative in the remaining two tests.

6.1.4 Antagonist DMSO Control

Because DMSO control RLU values are not normalized, they can vary considerably between test
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the
within-plate variability (CV) of the DMSO control RLU values for all test plates that passed
acceptance criteria. The range of means and CV values for within-plate DMSO control RLU values
are provided in Table 6-4. (See Annex L for the mean and CV values of individual antagonist test
plates.) Although mean plate DMSO RLU values ranged from 132 to 8451, with a mean of 3299,
within-plate variability of DMSO control RLU values between replicate DMSO wells was low.
Associated CV values ranged from 1% to 52%, with a mean of 8%. Of the 194 antagonist test plates
that passed acceptance criteria, only eight plates had within-plate CV values greater than 20%. (See
Annex L for individual test plate mean DMSO control RLU values and associated CV values.)
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Table 6-4 Antagonist DMSO Control Values

Laborator Mean and Range of DMSO Mean and Range of N
y Control RLU Values CV (%)
2230 9
XDS 79
(132-6860) (1-52)
3622 9
ECVAM 62
(1352-7333) (1-37)
) . 4030 6
Hiyoshi 53
(1625-8451) (1-20)
, 3299 8
All Laboratories 194
(132-8451) (1-52)

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation
of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit;

XDS = Xenobiotic Detection Systems, Inc.

Figures 6-6 through 6-8 show the within-plate agonist DMSO control RLU values for Phase 1 of the
validation study as examples of the low variability for this parameter. As discussed above, within-

plate CVs were low throughout the validation study.

Figure 6-6 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at XDS
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Abbreviations: DMSO= dimethyl sulfoxide; RLU = relative light unit; XDS = Xenobiotic Detection Systems, Inc.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.
Within-plate DMSO variance at XDS during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 18%.
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Figure 6-7 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at

ECVAM

10000+

7500+ P4
3 ) )
x .

°.
8 T ° [ )
% 50001® oo )
3 o8 o
c O oy °
-] o o °
PP e
25001 A -8 ~
o)
01— .

I I N I
\'5@ \'5@ \’5@ \‘5@ \‘8& \'5@ \’5\'@ \‘5@ \‘5@ \Q"\ AJCRICASTAITASCAITANCS
QT QT RTRT RV QT QT QTR

0 x@ Q@ @ @ @ @ @
AR AR AR AR R R AR

Abbreviations: DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation of Alternative Methods;
RLU = relative light unit.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.

Within-plate DMSO variance at ECVAM during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 17%.
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Figure 6-8 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at Hiyoshi
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Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit.
Each point represents the non-normalized DMSO value for a single well in a 96-well plate.
Within-plate DMSO variance at Hiyoshi during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 9%.

6.1.5 Antagonist E2 Control

Normalized and adjusted antagonist E2 control RLU values were used as acceptance criteria
throughout the validation study. The mean, SD, and CV values calculated for the E2 control RLU
value from all antagonist test plates that passed acceptance criteria are provided in Table 6-5. Mean
E2 control RLU values ranged from 5793 at Hiyoshi to 9246 at ECVAM. Variability was low, with
associated CV values ranging from 9% at ECVAM to 19% at XDS.

Table 6-5 Antagonist E2 Control Values
Laboratory Mean RLU SD CV (%) N
XDS 7524 1443 19 79
ECVAM 9246 805 9 62
Hiyoshi 5793 791 14 53

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods;
N = number of plates that passed acceptance criteria; RLU = relative light unit; SD = standard deviation;
XDS = Xenobiotic Detection Systems, Inc.
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6.1.6 Antagonist Raloxifene Reference Standard ICs, and Flavone Control Values

Although Ral reference standard ICs, and flavone control RLU values were not used for plate
acceptance after Phase 2a of the validation study (see Section 2.7.2), these values were collected
throughout the study for information purposes. The means and SDs for these parameters from all
plates that passed acceptance criteria are provided in Table 6-6.

Table 6-6 Antagonist Raloxifene ICsy and Flavone Control Values
Laboratory Mean SD N
Raloxifene Reference Standard ICs, (M)

XDS 1.1x10? 5.6x 10 79
ECVAM 1.3x 107 56x10" 62
Hiyoshi 12x 107 2.9 %107 53

Flavone (RLU)

XDS 3774 1366 79
ECVAM 599 468 62
Hiyoshi 873 772 53

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; ICs, = half-maximal
inhibitory concentration; M = molar; N = number of plates that passed acceptance criteria; RLU = relative
light unit; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc.

As shown in Table 6-6, mean Ral reference standard ICs, values ranged from 1.1 x 107 to
1.3 x 10° M. Mean flavone control RLU values ranged from 599 at ECVAM to 3774 at XDS.

Ral reference standard ICs, flavone control, and E2 control RLU values for all plates tested during
the validation study are presented in Figures 6-9 through 6-11. The laboratories were relatively
consistent when data from only acceptable plates were considered. These data also indicate that the
variability of each parameter is generally higher when considering only values obtained from plates
that failed one or more acceptance criteria. Additionally, any outlier values among the parameters
evaluated were associated with these failed plates.
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Figure 6-9 Antagonist Raloxifene Reference Standard ICs, Values
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Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; ICs, = half-maximal inhibitory
concentration; M = molar; Ral = raloxifene; XDS = Xenobiotic Detection Systems, Inc.

Each point represents a single plate.
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Figure 6-10  Antagonist Flavone Control Values
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Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Each point represents a single plate.

Flavone control values from two experiments that passed acceptance criteria at XDS were excluded from the graph (237690
and 23164) to minimize scale distortion.

Flavone control values from four experiments that failed acceptance criteria at XDS were excluded from the graph (22676,
-21568, -16714, and -8081) to minimize scale distortion.
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Figure 6-11  Antagonist E2 Control Values
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Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit;
XDS = Xenobiotic Detection Systems, Inc.

Each point represents a single plate.

E2 control values from two experiments that failed acceptance criteria at XDS were excluded from the graph (41227 and
-3995) to minimize scale distortion.

A flavone control value from one experiment that failed acceptance criteria at ECVAM was excluded from the graph
(20345) to minimize scale distortion.

6.1.7 Intralaboratory Reproducibility of Phase 2 Antagonist Reference Substances

As described in Section 2.0, test substances were classified as positive or negative for antagonist
activity based on a specific set of criteria. The resulting classifications for each of the 12 substances
that were tested at least three times at each laboratory were used to evaluate the extent of
intralaboratory agreement (see Table 6-7). Although the classifications for some of the test
substances differed among the laboratories, there was 100% agreement within each laboratory for
each of the three repeat tests. No “inadequate” data were generated at any laboratory during Phase 2
of the validation study.
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Table 6-7 Intralaboratory Agreement for Multiple Testing of 12 Phase 2 Antagonist
Substances Tested Independently Three Times at Each Laboratory

Activity per Test XDS ECVAM Hiyoshi
Agreement Within 0 o 0
Laboratory 12/12 (100%) 12/12 (100%) 12/12 (100%)
+++ 2/12 2/12 2/12
- 10/12 10/12 10/12
Discordance Within o N o
Laboratory 0/12 (0%) 0/12 (0%) 0/12 (0%)
++- 0/12 0/12 0/12
+—= 0/12 0/12 0/12

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

+ denotes a positive test result.

- denotes a negative test result.

+++ indicates that each of three replicate tests within each laboratory had a classification as positive.
--- indicates that each of three replicate tests within each laboratory had a classification as negative.

++- indicates that a test substance was classified as positive in two of three replicate tests. The substance was classified as
negative in a third replicate test.

+-- indicates that the test substance was classified as positive in one of three replicate tests. The substance was classified as
negative in the remaining two tests.

6.2 Interlaboratory Reproducibility

Similar to the intralaboratory analyses described in Sections 6.1.3 and 6.1.7, the classifications for
each of the substances that were tested for agonist and antagonist activity during Phases 2 and 3 were
also used to evaluate the extent of interlaboratory agreement as indicators of reproducibility among
the laboratories.

6.2.1 Interlaboratory Reproducibility of Phase 2 Reference Substances

For each of the 12 substances that were tested at least three times for agonist and antagonist activity
during Phase 2, agreement among the three laboratories was determined based on the consensus
classification assigned by each laboratory for each of the 12 substances. (See Tables 4-13 and 4-14
for agonist and antagonist results, respectively.) As previously noted, no “inadequate” data were
generated at any laboratory during Phase 2 of the validation study.

As shown in Table 6-8, all three laboratories classified the same eight of twelve (67%) substances as
agonists (positive). Among the remaining four substances, one (flavone) was identified as positive by
2/3 laboratories (ECVAM and Hiyoshi) but negative at XDS. Although the starting concentrations for
flavone were identical at all three laboratories (100 wg/mL), all three tests at XDS were uniformly
negative and there was no increasing concentration response noted. The other three substances that
were discordant among the laboratories (atrazine, corticosterone, and vinclozolin) were identified as
negative by 2/3 laboratories (XDS and Hiyoshi) but positive at ECVAM. Note that all three
substances appeared to be negative for agonist activity during range finder testing at ECVAM, but all
three were uniformly positive when comprehensively tested. Therefore, the positive agonist results
observed for atrazine, corticosterone, and vinclozolin during comprehensive testing at ECVAM may
be due to contamination of stocks after range finder testing.
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Table 6-8 Interlaboratory Agreement for Phase 2 Test Substances
Results Among . . ) -
Laboratories Agonist Testing Antagonist Testing
Agreement Among . ,
Laboratories 8/12 (67%) 12/12 (100%)
Tt 8/12 2/12
“‘ 0/12 10/12
Discordance Among . \
Laboratories 4/12 33%) 0/12 (0%)
= 1/12 0/12
- 3/12 0/12

+ denotes a positive test result.

- denotes a negative test result.

+++ indicates that the substance was classified as positive at all three laboratories.
--- indicates that the substance was classified as negative at all three laboratories.

++- indicates that a test substance was classified as positive in two of three laboratories. The substance was classified as
negative in the third laboratory.

+-- indicates that the test substance was classified as positive in one of three laboratories.

Among the substances tested for antagonist activity, there was 100% agreement among the three
laboratories for all 12 substances. Two of these substances (dibenzo[a,/]anthracene and tamoxifen)
were positive in all three laboratories. The other 10 substances were negative in all three laboratories
(see Table 6-8).

6.2.2 Interlaboratory Reproducibility of Phase 3 Agonist Reference Substances

The classifications for each of the 41 substances that were tested once for agonist activity at all three
laboratories during Phase 3 were also used to evaluate the extent of interlaboratory agreement. Unlike
Phase 2, some of the substances tested in Phase 3 produced results that were considered inadequate
(i.e., substances failed to meet the decision criteria for either a positive or negative response as
defined in Section 2.7.1). While such results could not be used in the evaluation of test method
accuracy detailed in Section 5.0, these results are tabulated in this section as an indication of how
often one or more laboratories produced inadequate results. However, only those substances that
produced a definitive result in at least two of the three laboratories were used to assess interlaboratory
reproducibility.

Of the 41 substances tested in Phase 3, 88% (36/41) produced a definitive result in at least two
laboratories and were therefore used for the assessment of reproducibility. A definitive result (i.e.,
determination of a positive or negative response) was not determined for the remaining 12% of
substances. (In these cases, testing produced inadequate results for these substances in at least two
laboratories, so the results were not used to assess interlaboratory reproducibility, as noted above.)
Among the remaining 36 substances, the three laboratories agreed on 83% (30/36) of the substances
tested for agonist activity (see Table 6-9). Of the 30 substances that had 100% agreement across
laboratories, 20 were positive for ER agonist activity and 10 were negative for ER agonist activity.
There was discordance among the laboratories for the remaining six substances, as indicated in the
lower portion of Table 6-9. Three of these substances (2-sec-butylphenol, dicofol, and fluoranthene)
were positive in 2/3 laboratories (XDS and Hiyoshi) but negative at ECVAM. The other three
substances (4-androstenedione, clomiphene citrate, and resveratrol) were discordant between the two
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laboratories that produced a definitive result. That is, a negative result was produced in one
laboratory, a positive result in another laboratory, and an inadequate result in the third laboratory.

The discordance among the laboratories for at least four of the six substances listed above
(4-androstenedione, 2-sec-butylphenol, fluoranthene, and resveratrol) appears to have resulted from
differences in the concentration selected for comprehensive testing by the discordant laboratory. As
detailed in Section 2.0, the starting concentrations for comprehensive testing were chosen based on
data from range finder tests. The highest dose used for range finder tests is directly related to the
highest soluble concentration. For one of these four substances (fluoranthene), the discordance among
laboratories appears to be due to differing interpretations of test substance solubility, where the
highest concentration used for comprehensive testing at ECVAM was at least an order of magnitude
lower than the highest concentration selected at XDS or Hiyoshi (see Figure 6-12). For the remaining
three substances (androstenedione, 2-sec-butylphenol, and resveratrol), the differences in starting
concentrations for comprehensive testing appear to have resulted from incorrect interpretation of data
during range finder experiments (see Figure 6-13 as an example).

The discordance among the laboratories for the remaining two substances (clomiphene citrate and
dicofol) was not based on either differences in solubility or interpretation of range finder results.
Clomiphene citrate was clearly positive at Hiyoshi and clearly negative at ECVAM when
comprehensively tested over the same concentration range. Although dicofol was positive when
tested at Hiyoshi using a starting concentration an order of magnitude higher than those used by XDS
and ECVAM, it was clearly positive at XDS and clearly negative at ECVAM when comprehensively
tested over the same concentration range.

Table 6-9 Interlaboratory Agreement for Phase 3 Substances Tested Once at Each
Laboratory
Results Among . . ) .
Laboratories Agonist Testing Antagonist Testing
Agreement Among
Laboratories 30/36 (83%) 38/41 (93%)
tt 18/36 2/41
- 4/36 33/41
++1 2/36 1/41
-1 6/36 2/41
Discordance Among
Laboratories 6/36 (17%) 3/41 (7%)
++- 3/36 0/41
+— 0/36 1/41
+=1 3/36 2/41

Abbreviations: I = inadequate data.

Only those substances that produced a definitive result in at least two of the three laboratories were used in this evaluation.
Five substances that produced an inadequate result in two laboratories during agonist testing were not included in this

table.
+ denotes a positive test result.
- denotes a negative test result.

+++ indicates that the substance was classified as positive at all three laboratories.
--- indicates that the substance was classified as negative at all three laboratories.
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++1 indicates that the substance was classified as positive at two of three laboratories but had inadequate data in the third.
--I indicates that the substance was classified as negative at two of three laboratories but had inadequate data in the third.

+-1 indicates that the substance was classified as positive at one laboratory, negative at one laboratory, and inadequate at the
third laboratory.

* Includes one substance (phenobarbital) that was tested in only two laboratories (XDS and ECVAM, see Section 3.0).

Figure 6-12  Fluoranthene Results at All Three Laboratories: Impact of Differences in
Solubility on Comprehensive Test Results
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Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; M = molar; RLU = relative light
unit; XDS = Xenobiotic Detection Systems, Inc.

Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells.
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Figure 6-13  Resveratrol Results at XDS and Hiyoshi: Impact of Selecting the Incorrect
Starting Concentration Based on Range Finder Results
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Abbreviations: M = molar; RLU = relative light unit; XDS = Xenobiotic Detection Systems, Inc.

Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells. Results for resveratrol at
ECVAM were considered inadequate and are therefore not included here.

6.2.3 Interlaboratory Reproducibility of Phase 3 Antagonist Reference Substances

The classifications for each of the 41 substances that were tested once for antagonist activity at all
three laboratories during Phase 3 were also used to evaluate the extent of interlaboratory agreement.
Similar to the Phase 3 agonist test results, some of the substances tested in Phase 3 for antagonist
activity produced results that were considered inadequate (i.e., substances failed to meet the decision
criteria for either a positive or negative response as defined in Section 2.7.2). However, unlike the
agonist test results, no substances tested for antagonist activity produced inadequate results in more
than one laboratory. Therefore, all 41 Phase 3 substances tested for antagonist activity were included
in the reproducibility assessment.

The three laboratories agreed on 93% (38/41) of the substances tested for antagonist activity. Most of
these substances (85% [35/41]) were identified as negative for antagonist activity; three substances
were positive for antagonist activity. There was discordance among the laboratories for the remaining
three substances. One of these substances (diethylstilbestrol) was negative in 2/3 laboratories (XDS
and ECVAM) but positive in one laboratory (Hiyoshi). The other two substances (clomiphene citrate
and 17a-estradiol) were discordant between the two laboratories that produced a definitive result (i.e.,
a negative result produced in one laboratory, a positive result in another laboratory, and an inadequate
result in the third laboratory). It does not appear that any of these three discordant classifications can
be explained by differences in solubility or interpretation of the range finder data.
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If only those substances that produced a definitive result in all three laboratories are considered

(n =306), there was 100% agreement for 97% (35/36) of the substances tested. As mentioned
previously, substances with inadequate data would be retested under the revised testing protocol, and
conclusive results would therefore be expected for all test substances. Consequently, the high degree
of intralaboratory reproducibility seen when all laboratories produce conclusive results is indicative
of the level of performance expected using the revised protocol (Annexes E and F).
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7.0  BGI1Luc ER TA Data Quality

Good Laboratory Practice (GLP) guidelines are nationally and internationally recognized rules
designed to ensure the quality and validity of laboratory data and records. To ensure the integrity,
reliability, and accountability of a study, GLPs provide a standardized approach by which to report
and archive laboratory data and records, and to prepare compliant test protocols (EPA 2006b, 2006a;
FDA 2009; OECD 1998; Weinberg 2003). This section describes the extent to which the participating
laboratories (XDS, ECVAM, and Hiyoshi) adhered to these guidelines during the validation study and
the effect (if any) of any deviations in the quality of the data. This section also details how often each
laboratory failed to generate data that met the plate acceptance criteria (see Section 4.0), necessitating
repeat testing during the validation study.

7.1 Compliance with GLP Regulations

The BG1Luc ER TA validation study was conducted according to GLP guidelines at XDS and
ECVAM, but not at Hiyoshi, which does not have a formal GLP program. However, prior to initiating
the validation study, Hiyoshi provided a guidance document that outlined the quality control (QC)
procedures that they would follow throughout the study. The guidance document is based on the
OECD principles of GLP (see Annex H2). In addition, Hiyoshi follows the QC and quality assurance
(QA) procedures included in the International Organization for Standardization (ISO) 9000 standards,
which describe a series of internationally accepted good quality management practices that are
applicable to laboratory testing (ISO 2000). However, ISO standards do not dictate the methods by
which those requirements must be met. ISO 9001:2000, which was used by Hiyoshi, defines and
describes requirements for the following standards:

* Quality Management System — requires written quality standards and a control system for all
documents and records

* Management Responsibility — assigns the responsibility for all facets of the quality system, from
creation to improvement, to the organization’s senior management and requires a regular,
documented review of the quality program

* Resource Management — requires that personnel be competent enough to provide quality work
and that all facilities, equipment, supporting services, and training programs be sufficient to
ensure quality product

*  Product Realization — requires clear documentation on how design decisions are made,
reviewed, validated, and controlled

*  Measurement, Analysis, and Improvement — requires that all facets of the company be
monitored, reviewed, and, when necessary, corrected

7.2 QA Audit Results

GLP compliance in each participating laboratory was determined by an independent QA review of
various aspects of the study, including the following:

* Review of protocols and laboratory standard operating procedures (SOPs)
* Review of laboratory operations

* Review of data

* Review of the final report for each testing phase

All laboratory reports included QA statements that addressed whether the test methods and results
accurately followed the test protocols and whether study reports accurately reflected the raw data
produced during the study. The study project coordinator and assistant project coordinator also served
as secondary QA reviewers for all data and information provided by study directors and/or study
technical leads. QA review dates for each participating laboratory are provided in Table 7-1.
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Table 7-1 Quality Assurance Review Dates
Laboratory Phase Review During Testing Report Review
1 May—July 2007 March 2008
2a April 2008 November 2008
XDS 2b September 2008 November 2008
3 October 2009 July 2010
4 November 2009 July 2010
1 November 2007-January 2008 March 2008
ECVAM 2a October 2008 November 2008
2b NR January 2010
3 NR January 2010
1 July—October 2007 February 2008
Hiyoshi 2a April 2008 November 2008
2b September 2010 February 2010
3 September 2010 February 2010

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; NR = not reviewed;
XDS = Xenobiotic Detection Systems, Inc.

The QA statements provided in final reports for all validation study phases completed at ECVAM and
Hiyoshi (i.e., Phases 1, 2a, 2b, and 3) indicated that (1) the procedures used to conduct validation
study testing followed the test method protocols and (2) study reports accurately reflected the raw
data produced during the study. Phases 1, 2a, 3, and 4 at XDS also met these criteria. However, the
XDS Phase 2b study report indicated that BG1Luc ER TA antagonist protocol procedures for
assessing cell viability were not used in a consistent manner for five (apigenin, atrazine, o,p -DDT,
genistein, and resveratrol) of the eight antagonist substances tested. Therefore, testing results from
these five Phase 2b substances were not used to evaluate antagonist activity. The validation study
project coordinator reviewed cell viability assessment procedures with the XDS study director and
quality assurance officer. Apigenin, atrazine, o,p -DDT, genistein, and resveratrol were subsequently
retested at XDS. These repeat testing results were then used to evaluate antagonist activity (see
Section 4.0, Table 4-13).

7.3 Test Plate Failure Rates

As described in Sections 2.7.1 and 2.7.2, plate acceptance criteria were established based on results
generated in reference standards and control wells. Failures due to results outside of the acceptable
range could indicate poor-quality data. However, some of the plate failures may have been due more
to overly stringent criteria that were established prior to testing of coded substances in Phase 2, as
described in the following sections.
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7.3.1 Phase2a

Following Phase 2a of the validation study, NICEATM evaluated the failure rates of plates used
during Phase 2a agonist and antagonist testing. The percentages of agonist and antagonist test plates
that failed to meet acceptance criteria across the participating laboratories were 61% (33/54) and 38%
(13/34), respectively:

* At XDS, 53% (8/15) of agonist plates and 43% (6/14) of antagonist plates did not meet
acceptance criteria.

* AtECVAM, 80% (24/30) of agonist plates and 50% (7/14) of antagonist plates failed to meet
acceptance criteria.

* At Hiyoshi, 11% (1/9) of agonist plates and 0% (0/6) of antagonist plates failed to meet
acceptance criteria.

Based on these high failure rates, the plate acceptance criteria were reconsidered to determine if
changes to these criteria could reduce the failure rates without compromising the ability of the test
method to detect and quantify test substance agonist or antagonist activity. The test plate acceptance
criteria that were considered for modification were (1) agonist E2 ECsy and Met RLU control values
and (2) antagonist Ral ICs, and flavone control RLU values. Acceptance criteria based on the DMSO
control RLU, agonist E2 reference standard fold induction, and antagonist Ral reference standard fold
reduction values were not considered for modification because they are used to monitor background
activity (i.e., vehicle control) and reference standard performance (i.e., positive control). The
antagonist E2 control acceptance criterion was not considered for modification because it is required
for determining test substance antagonist activity.

A comparison was made between qualitative (i.e., positive or negative classification) and quantitative
(i.e., EC/ICsg values) outcomes for test plates that met all acceptance criteria and those that failed to
meet one or more criteria (see Section 2.7 for Phase 2a acceptance criteria). The results of the
qualitative evaluation of the relationship between agonist and antagonist test plate failure rates and
acceptance criteria for these parameters are provided in Tables 7-2 and 7-3, respectively. The
qualitative evaluation compared the overall ER TA activity classification of agonist and antagonist
test substances for plates that passed and failed acceptance criteria. Results indicate that the ER TA
activities (overall positive or negative classification) of substances tested on agonist plates that failed
ECs5, and/or Met control acceptance criteria were equivalent to the ER TA activities for plates that
passed acceptance criteria. Antagonist plates that failed ICs, and/or flavone control acceptance criteria
were equivalent to the ER TA activities for plates that passed acceptance criteria.

C-147



ICCVAM BGI1Luc ER TA Evaluation Report

Table 7-2 Phase 2a Test Substance ER TA Agonist Activity for Plates That Passed or
Failed Acceptance Criteria
Agonist Test Laboratory Passed Al‘l . Failed E2 Failed Failed Both
Substance Acceptance Criteria ECs5yOnly | MetOnly | E2 ECsy and Met

XDS POS (3/3) POS (4/4) NA NA
Bisphenol A ECVAM POS (3/3) POS (7/7) | POS (3/3) NA
Hiyoshi POS (3/3) NA POS (1/1) NA
XDS POS (3/3) POS (4/4) NA NA

Bisphenol B ECVAM POS (3/3) POS (4/4) NA POS (2/2)
Hiyoshi POS (3/3) NA POS (1/1) NA
XDS NEG (3/3) NEG (4/4) NA NA
Corticosterone ECVAM POS (3/3) POS (5/7) POS (3/3) NA
Hiyoshi NEG (4/4) NA NA NA
XDS POS (3/3) POS (4/4) NA NA

Diethylstilbestrol | ECVAM POS (3/3) POS (4/4) NA POS (2/2)
Hiyoshi POS (4/4) NA NA NA

Abbreviations: E2 = 17B-estradiol; ECsy = half-maximal effective concentration; ECVAM = European Centre for the
Validation of Alternative Methods; Met = methoxychlor; NA = not applicable; NEG = negative; POS = positive;
XDS = Xenobiotic Detection Systems, Inc.

Agonist activity based on initial classification criteria as defined in Section 2.7.1.
* Numbers in parentheses represent test results (POS or NEG) over the total number of test plates.

Table 7-3 Phase 2a Test Substance ER TA Antagonist Activity for Plates That Passed or
Failed Acceptance Criteria
Antagonist Test Passed All Failed Ral Failed Failed Both
Substance Laboratory | Acceptance ICsp Only Flavone Ral IC5¢ and
Criteria® 50 Control Only | Flavone Control
XDS POS (3/3) POS (2/2) NA NA
Dibenzo[a, #]anthracene ECVAM POS (3/3) NA NA NA
Hiyoshi POS (3/3) NA NA NA
XDS NEG (3/3) NEG (3/3) NA NA
p-n-Nonylphenol ECVAM POS (3/3) NA NA NA
Hiyoshi POS (3/3) NA NA NA
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An;::lgbosltliils;c’iest Laboratory ::cses[e)(tjaﬁlle l;éﬂe((l)l:f ! FI:::fl:rtlle lf:llllegsfgflhd
Criteria® 50 Y | Control Only | Flavone Control

XDS POS (3/3) POS (2/3) NA NA

Progesterone ECVAM POS (3/3) NA NA NA
Hiyoshi POS (3/3) NA NA NA

XDS POS (3/3) POS (3/3) NA NA

Tamoxifen ECVAM POS (3/3) NA (172) NA
Hiyoshi POS (3/3) NA NA NA

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; ICsy = half-maximal inhibitory
concentration; NA = not applicable; NEG = negative; POS = positive; Ral = raloxifene HCI; XDS = Xenobiotic Detection
Systems, Inc.

Antagonist activity based on initial classification criteria as defined in Section 2.7.2.
* Numbers in parentheses represent test results (POS or NEG ) over the total number of test plates.

Table 7-4 provides the quantitative evaluation of the relationship between agonist and antagonist test
plate failure rates and acceptance criteria. Agonist plates that passed all acceptance criteria are
compared to those that failed the E2 ECsy and Met RLU control value acceptance criteria. Antagonist
plates that passed all acceptance criteria are compared to those that failed the Ral ICs, and flavone
control RLU value acceptance criteria. The quantitative evaluation compared ECs, values that could
be calculated for bisphenol A, bisphenol B, and diethylstilbestrol at XDS and ECVAM, and the 1Cs
values that could be calculated for tamoxifen at XDS for plates that passed and failed acceptance
criteria. Results indicate that agonist substance ECs, values from plates that failed ECs, and/or
methoxychlor control acceptance criteria and tamoxifen ICs, values from plates that failed ICs, and/or
flavone control acceptance criteria were not significantly different from plates that passed acceptance
criteria (p > 0.05).

Table 7-4 Comparison of Phase 2a Test Substance EC5)/ICsy Values for Plates That Passed
or Failed Acceptance Criteria

Agonist Plates That Passed All Agonist Plates That Did Not Pass
Laboratory Acceptance Criteria E2 ECsy and/or Methoxychlor
and Substance Acceptance Criteria p Value®
Evaluated N Mean EC;, SD N Mean ECs SD
Value Value
XDS/BPA 3 8.8 x 107 7.2x10° 4 9.9x 107 1.4x 102 0.40
ECVAM/BPA 3 1.9x 107 7.6x 103 10 1.6 x 107! 5.6x 107 0.16
XDS/BPB 3 3.9x 107 6.0 x 107 4 43x102 1.1x 107 0.63
ECVAM/BPB 3 42 x 107 1.3x 107 4 7.5x 107 1.7x 10 0.06
XDS/DES 4 14x10° 5.0x10° 4 2.6x 107 1.1x 107 0.20
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Antagonist Plates That Passed All Antagonist Plates That Did Not
Laboratory Acceptance Criteria Pass Ral/E2 ICs and(or .Flavone
and Substance Acceptance Criteria p Value®
Evaluated
Mean IC;, Mean ICs,
N Value SD N Value SD
XDS/TAM 4 1.5x 10" 57x10% | 3 3.1x 10" 8.8x 107 0.11

Abbreviations: BPA = bisphenol A; BPB = bisphenol B; DES = diethylstilbestrol; E2 = 178-estradiol; ECsy = half~maximal
effective concentration; ECVAM = European Centre for the Validation of Alternative Methods; ICs, = half maximal
inhibitory concentration; N = number of plates; Ral = raloxifene HCl; SD = standard deviation, TAM = tamoxifen;

XDS = Xenobiotic Detection Systems, Inc.
Values are expressed in ECsq values (ng/mL) except for TAM, which is expressed in ICsy values (ug/mL).

* p>0.05 indicates that ECs, or ICs, values are not significantly different.

Based on this evaluation, it was determined that test plate acceptance criteria based on agonist E2
ECs, and Met RLU control values could be eliminated without compromising the ability of the test
method to detect and quantify test substance agonist or antagonist activity. The same was determined
for antagonist Ral ICsy and flavone control RLU values. The modified acceptance criteria for agonist
and antagonist comprehensive testing are provided in Sections 2.7.1 and 2.7.2, respectively, and were
used for all plates tested in the remainder of the validation study (i.e., Phases 2b, 3, and 4).

7.3.2 Phases 2b, 3, and 4 Failure Rates

The plate failure rates for the remaining phases of the study are provided in Tables 7-5 and 7-6.
Results indicate that the modified acceptance criteria based on Phase 2a results significantly reduced
the failure rates of agonist test plates in Phases 2b, 3, and 4 (< 27%) compared to the Phase 2a agonist
test plate failure rate (61%). The failure rate of Phase 2b antagonist test plates (14%) was also
significantly reduced compared to the Phase 2a antagonist test plate failure rate (38%). During

Phases 3 and 4, the failure rates for antagonist test plates were only marginally decreased (36% and
35%, respectively).

Table 7-5 Test Plate Failure Rates for Agonists: Phases 2b—4

Lavoratory |70 e Criteriae

XDS 0% (0/13)
o ECVAM 25% (4/16)
Hiyoshi 19% (3/16)
Total 16% (7/45)

XDS 26% (12/47)

; ECVAM 29% (10/35)
Hiyoshi 0% (0/34)

Total 19% (22/116)

4 XDS 27% (11/41)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

* Numbers in parentheses represent the number of test plates that failed acceptance criteria over the total number of plates
tested.
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Table 7-6 Test Plate Failure Rates for Antagonists: Phases 2b—4
phase Laboratary | "0 tance Critein.

XDS 0% (0/12)
o ECVAM 33% (6/18)
Hiyoshi 0% (0/14)
Total 14% (6/44)

XDS 47% (28/59)

3 ECVAM 31% (11/36)
Hiyoshi 13% (3/24)

Total 36% (43/119)
4 XDS 35% (8/23)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection
Systems, Inc.

* Numbers in parentheses represent the number of test plates that failed acceptance criteria over the total number of plates
tested.

7.4 Inadequate Results

As described in Section 2.0, test substances were classified as positive, negative, or inadequate based
on updated test method decision criteria. Inadequate data were identified as such based on those
substances that failed to meet the decision criteria for either a positive or negative response as defined
in Sections 2.7.1 and 2.7.2. The classification of data as “inadequate” is due to poor-quality data that
could not be interpreted as valid because of major qualitative or quantitative limitations. Normally,
substances with inadequate data would be retested, and conclusive results would therefore be
expected for all test substances. However, because the updated classification system was developed
after testing was complete, these substances were not retested.

As an example, tamoxifen test results at XDS and ECVAM failed to produce a clear concentration—
response curve, and the resulting data had overlapping error bars due to one or more highly variable
results (Figure 7-1).
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Figure 7-1 Inadequate Test Results: Tamoxifen Tested at XDS and ECVAM
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Abbreviations: DMSO = dimethyl sulfoxide; ECVAM= European Centre for the Validation of Alternative Methods;
M = molar; RLU = relative light unit; XDS = Xenobiotic Detection Systems, Inc.

Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells.

While the actual test substance classifications based on BG1Luc ER TA results are presented in
Tables 4-13 and 4-14 (see Section 4.0), the frequency of inadequate data produced at each laboratory
is summarized in Table 7-7. Inadequate test results in the agonist test method occurred from 3%
(1/40) at Hiyoshi to 27% (11/41) at XDS. Antagonist testing produced far fewer inadequate results
(3% to 5% of tests) but Hiyoshi again produced the fewest inadequate results.
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Table 7-7 Summary of Test Results Classified as Inadequate

Phase Laboratory Agonist® Antagonist®

XDS ((?/01/02) ((3(1/02)

Phase 2 ECVAM ((?/01/02) ((;)/01/02)
Hiyoshi ((?/01/02) ((?/01/02)

XDS (12 17/(:{01) (25/2{01)

Phase 3 ECVAM (;/7:/{)) (25/2{01)
Hiyoshi (13/(:{(6) (f/jﬁ)

Phase 4 XDS (41;/620/;) (ff/(.)ZATS)

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection

Systems, Inc.

* Numbers in parentheses represent the number of inadequate results over the total number of substances tested.

7.5 Availability of Laboratory Notebooks or Other Records

All records are stored and archived by the participating laboratories and are available for inspection.
NICEATM has all raw and reported data stored electronically, and the raw data for each test (in
Microsoft Excel and GraphPad Prism files) are available upon request from NICEATM on compact
disc(s). Long-term archival is available if deemed necessary. Requests can be made by mail, fax, or
e-mail to Dr. William S. Stokes, NICEATM, NIEHS, P.O. Box 12233, MD EC-17, Research Triangle
Park, NC, 27709, (phone) 919-541-2384, (fax) 919-541-0947, (e-mail) niceatm@niehs.nih.gov.
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8.0 Other Scientific Reports

8.1 Summaries of Available Data from Studies Using the BG1Luc ER TA Test Method

This section reviews published studies that used BG1Luc4E2-based ER TA test methods to evaluate
in vitro ER agonist or antagonist activity of a number of substances. Results for many of the
substances described by Gordon et al. in 2003 and 2004 (see Sections 8.1.3 and 8.1.4) were also
provided in the XDS submission (Annex A). Additionally, a separate study that compared the relative
utility of qualitative and quantitative methods for determining BG-1 cell viability during the assay is
described in Clark et al. (2007).

8.1.1 Rogers and Denison (2000)

Rogers and Denison (2000) describe the original development, optimization, and characterization of
the BG-1 cell line, a stably transfected recombinant human ovarian cancer cell line. BG-1 cells were
transfected using the pGudLuc7.0 plasmid, which contains a segment of the pGudLuc1.0 and the
mouse mammary tumor viral promoter. The pGudLuc1.0 segment is hormone responsive but lacks
glucocorticoid-responsive elements. The parent vector, pGudLuc7.0, was shown to be unresponsive
to estrogen in BG-1 cells in the absence of EREs. After demonstration of estrogen-responsive
luciferase activity in transiently transfected cells, a stably transfected, estrogen-responsive BG-1
clone was isolated and designated BG1Luc4E2. BG1Luc4E2 displayed constitutive activation of the
luciferase gene under normal culture conditions, but this activity was greatly reduced when cells were
grown in EFM. The estrogen-responsive induction of luciferase seen in BG1Luc4E2 cells that are
grown in EFM is time and dose dependent. While maximal induction following exposure to 0.1 nM
estradiol was seen at 20 hours, the minimum detection limit was between 0.1 and 1 pM estradiol.
Cross-reactivity of BG1Luc4E2 cells with six other steroid hormones was also evaluated.
Progesterone, testosterone, all-trans retinoic acid, and thyroid hormone did not induce luciferase
activity, but dihydrotestosterone and dexamethasone produced slight induction (based on three
independent experiments in which substances were considered positive for ER TA agonist activity
when induction of luciferase was significantly different from control, at p < 0.05 as determined by a
t test).

8.1.2 Jefferson et al. (2002)

This paper (Jefferson et al. 2002) describes a study that evaluated the ER TA activities of several
phytoestrogens (biochanin A, coumestrol, daidzein, genistein, naringenin, taxifolin, zearalanol, and
zearalenone) using a BG1Luc4E2-based test method. All substances except taxifolin tested positive
for ER TA activity, with ECs, values ranging from 3.9 x 107 (zearalanol) to 1.2 x 10° ug/mL
(naringenin) as compared to 17p-estradiol (2.3 x 10 ug/mL) or diethylstilbestrol (4.9 x 10 ug/mL).
The specific criteria used to determine negative ER TA response and the number of tests per
substance were not provided. ER TA results were compared to uterotrophic bioassay results for the
substances and showed agreement for all substances except daidzein and naringenin, which were
weakly positive for ER TA activity (5.2 x 10™ and 1.2 x 10° ug/mL, respectively) but negative when
tested in the uterotrophic bioassay.

8.1.3 Gordon et al. (2003)

The 2003 International Dioxin Symposium (Boston, MA) presentation by Gordon et al. (2003)
describes studies that evaluated the ER TA activities of 78 substances using a BG1Luc4E2-based test
method. Of these substances, 29 had been previously tested in other ER TA assays that were not
identified in the presented paper. The remaining 49 substances, which were classified by the presenter
as environmental contaminants, had not been previously tested in ER TA assays. All substances were
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tested independently at least three times, and ER TA activity was based on whether induction of
luciferase was less or greater than three times the SD of the mean vehicle control value. Using these
criteria, 61 substances were positive and 17 were negative for ER TA activity. (Note: A complete
listing of results for individual substances was not provided. Graphical representations of
concentration—response curves for 12 positive and 3 negative substances were provided as
representative examples.) Results also indicated that the 29 substances previously tested were in
agreement with the BG1Luc ER TA test method results, except for progesterone, which was negative
in the BG1Luc ER TA test method but positive in other ER TA test methods.

8.1.4 Gordon et al. (2004)

The 2004 International Dioxin Symposium (Berlin, Germany) presentation by Gordon et al. (2004)
describes studies that evaluated the ER TA activity of 13 commonly used organochlorine pesticides
using a BG1Luc4E2-based test method. Each substance was tested independently at least three times,
and ER TA activity was based on whether induction of luciferase was less or greater than three times
the SD of the mean vehicle control value. Based on these criteria, 11 substances were positive and

2 were negative for ER TA activity. ECs, values for those that tested positive for ER TA activity
ranged from 1.3 x 10 (a-chlordane) to 1.2 x 10 M (2,4,5-trichlorophenoxyacetic acid) as compared
to E2 (1.6 x 10™).

8.1.5 Gordon et al. (2005)

The 2005 International Dioxin Symposium (Toronto, Canada) presentation by Gordon et al. (2005)
describes studies that evaluated the ER TA agonist activities of 10 commercially available sunscreens
and eight substances commonly used as “non-active” sunscreen components (substances that are not
used to protect against UV damage but rather as emulsifiers, emollients, lubricants, etc.) using a
BG1Luc4E2 test method. The sunscreens and non-active sunscreen component substances were
dissolved in methanol, serially diluted, and evaluated for ER TA agonist activity. Each substance was
tested independently at least three times, and ER TA agonist activity was based on whether induction
of luciferase was less or greater than three times the SD of the mean vehicle control value. This value
was then translated into an E2 equivalent of 10 ng/g to control for differences in extraction recovery
for individual substances (i.e., substances with E2 equivalents greater than 10 ng/g are considered
positive for ER TA agonist activity). Nine of the 10 sunscreens tested positive for ER TA agonist
activity, but only one of the eight non-active sunscreen component substances tested positive. The
sunscreens that tested positive for ER TA activity had a range of 200 to 950 ng/g 173-estradiol
equivalents. The one non-active sunscreen component substance that tested positive for ER TA
activity (a substance used for water resistance) had an E2 equivalent of 130 ng/g.

8.1.6 Clark et al. (2007)

The Clark et al. poster presentation (2007) from the 47" Annual Meeting of the Society of Toxicology
(Charlotte, NC) describes a study that was conducted using the BG1Luc ER TA test method to
determine if a qualitative method of assessing cell viability based on a visual observation was
comparable to Promega Corporation’s CellTiter-Glo quantitative cell viability assay, which measures
cell viability based on the generation of luminescence signal proportional to the amount of ATP in
viable cells. The qualitative visual observation method is based on an assessment of cell density and
morphology. The criteria for assessing and scoring cell viability are provided in Table 8-1.
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Table 8-1 Visual Observation Scoring Table to Assess Cell Viability

Viability Score Brief Descriptionl
1 Normal Cell Morphology and Cell Density
2 Altered Cell Morphology and/or Small Gaps between Cells
3 Altered Cell Morphology and/or Large Gaps between Cells
4 Few (or no) Visible Cells

Comparison of the two cell viability assessment methods demonstrated that a score of 1 in the visual
observation method corresponded to greater than 80% viability in the CellTiter-Glo assay. Visual
observation scores of 2, 3, and 4 corresponded to 80—-60%, 60—-40%, and less than 40%, respectively,
in the CellTiter-Glo assay. An assessment of cell viability is critical in determining whether reduction
of ER TA activity is ER mediated or the result of cytotoxicity. The study showed that the visual
observation method and the CellTiter-Glo assay are comparable for this assessment. Importantly,
these results demonstrated that the simpler and more economical visual observation method can be
used as effectively as the more complex and costly CellTiter-Glo, which requires testing on separate

parallel plates.
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9.0 Animal Welfare Considerations (Reduction, Refinement, and Replacement)

9.1 Reduction, Refinement, and Replacement Considerations

ICCVAM promotes the scientific validation and regulatory acceptance of new test methods that
reduce, refine, or replace animal use where scientifically feasible. Reduction, refinement, and
replacement are known as the “three Rs” of animal alternatives. These principles of humane treatment
of laboratory animals are described as:

* Reducing animal use through improved science and experimental design

* Refining experimental procedures such that animal suffering is minimized

* Replacing animal models with non-animal procedures (e.g., in vitro technologies) where possible
(Russell and Burch 1959)

Three in vivo methods are now commonly used by regulators to assess the estrogenic potential of
substances: rat uterotrophic assay, rat pubertal female assay, and fish short-term reproduction assay.
In addition, the “in vitro” rat uterine cytosol ER binding assay also requires the use of animals as a
source of ER. Like the CERI-STTA, the BG1Luc ER TA test method will not directly replace any of
these existing methods; however, it could be incorporated as part of a weight-of-evidence approach to
reduce or eliminate the need for testing in these animal models. Currently, no in vitro test methods
have been validated and accepted for use in the screening of both ER agonists and antagonists
(ICCVAM 2002b). As discussed in Section 1.0, the EPA EDSP Tier 1 screening battery includes the
CERI-STTA agonist test method, OPPTS 890.1300: Estrogen Receptor Transcriptional Activation
(Human Cell Line [HeLa-9903]) (EPA 2009; OECD 2009)). The screening guideline also provides
for the use of other scientifically valid methods. Therefore, the BG1Luc ER TA test method may be
applicable for addressing the ER TA component of the EPA EDSP Tier 1 screening battery. Used in
this context, the BG1Luc ER TA test method provides an opportunity to reduce animal use in
endocrine disruptor testing by identifying substances that may enhance and/or inhibit the activation of
the ER.

An evaluation of potential endocrine-active compounds (EACs) is required under European
Commission Registration, Evaluation, Authorisation and Restriction of Chemicals [REACH]
Regulation (EC) 1907/2006 (Bars et al. 2011; Bowman and Van Calster 2007; Harvey and Everett
2006; Lokke 2006; Marx-Stoelting et al. 2011). Validated in vitro methods may reduce animal use in
this kind of testing program. “REACH-type” programs are also being adopted by Asian countries, and
the availability of validated in vitro and in silico methods to screen/prioritize chemicals for these
testing programs has potential to reduce animal use further. Following validation, the development of
in vitro EAC assays into an OECD Test Guideline will broaden their potential for reducing animal
use.

The BG1Luc ER TA method is being proposed as an independent part of a weight-of-evidence
approach to prioritize potentially endocrine-active substances for further testing. Results from the
BG1Luc ER TA test method were examined for concordance with published reports of ER binding.
There was 97% (33/34) concordance between the BG1Luc ER TA results and ER binding data from
the literature (see Section 5.6). In light of the excellent degree of agreement between ER binding and
BG1Luc ER TA data (with no false negative results), it appears that evaluating results from BG1Luc
ER TA agonist and antagonist testing may provide a viable alternative to conducting ER binding
studies, which use animals as a source of ER. This cannot currently be accomplished with the only
accepted ER TA method due to the inability of the CERI-STTA to assess ER antagonist activity.

Results from the BG1Luc ER TA test method were examined for concordance with published data
from the uterotrophic assay (see Section 5.7). Based on a comparison with the in vivo uterotrophic
assay classification, the 13 substances with data from the uterotrophic assay and conclusive test
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results in the BG1Luc ER TA agonist test method produced overall concordance of 92% (12/13). All
substances found positive in the uterotrophic assay were also positive in the BG1Luc ER TA method.
The only discordant substance, butylbenzyl phthalate, was positive for ER agonist activity in the
BG1Luc ER TA agonist test method and negative in the uterotrophic assay. These data indicate that
the BG1Luc ER TA agonist test method has very good agreement with the in vivo results obtained
with the uterotrophic assay, with no false negative results.

The development of a battery of in vitro and in silico methods that can replace animal testing for
detecting chemicals that have the potential to interact with the endocrine system (i.e., EACs) is a
biologically complex challenge. For example, a method for assessment of metabolites needs to be
included with the in vitro assays, and assays for assessing the many modes of action of EACs on
various tissues and species need to be developed and validated. The experience derived from
validating and using the in vitro BG1Luc ER TA test method is expected to contribute to our
knowledge and promote progress toward this goal. It should lead to the broader use of cell-based
methods for EAC screening and could include the use of cells from other species.

9.2 Use of Animals in the BG1Luc ER TA Test Method

The BG1Luc ER TA test method utilizes cultured human ovary adenocarcinoma cells that
endogenously express human ER and contain an estrogen-inducible gene expression system. Except
for the fetal bovine sera used as part of the cell culture media, the test method does not require the use
of animals.
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10.0 Practical Considerations

Several issues are taken into account when assessing the practicality of using an alternative to an
existing test method. In addition to performance evaluations, the following must be assessed:

* Laboratory equipment and supplies needed to conduct the alternative test method
* Level of personnel training required

¢ Labor costs

* Time required to complete the test method as compared to the existing test method

The time, personnel cost, and effort required to conduct the proposed test method must be considered

reasonable when compared to those of the test method it is intended to replace. This section discusses

the practical issues associated with using the BG1Luc ER TA test method for the determination of ER
agonist and antagonist activity.

10.1 Transferability of the BG1Luc ER TA Test Method

Test method transferability addresses the ability of a method to be accurately and reliably performed
by multiple laboratories (ICCVAM 2003b, 2003a), both those experienced in the particular type of
procedure and laboratories with no prior experience. The transferability of the BG1Luc ER TA test
method was demonstrated by the intra- and interlaboratory reproducibility studies in the validation
study (see Section 6.0).

10.1.1 Facilities and Major Equipment

The facility requirements for conducting the BG1Luc ER TA test method include a standard
laboratory setup for sterile cell culture procedures. The major equipment necessary is readily
available and includes a laminar flow hood and a cell culture incubator. Table 10-1 shows
representative suppliers and estimated costs of this equipment.

Table 10-1 Example Suppliers and Costs of Major Equipment for the BG1Luc ER TA Test

Method
Equipment Example Supplier Estimated Cost”
Laminar Flow Hood Cole-Parmer $8,000-$12,000
Cell Culture Incubator Thomas Scientific $8,000-$15,000

* Estimated costs based on 2009 catalog prices

10.1.2 General Availability of Other Necessary Equipment and Supplies

The remaining equipment and supplies necessary to conduct the BG1Luc ER TA test method (e.g.,
microscopes, micropipettors, refrigerators/freezers, microtiter plates, cell culture supplies, sera, and
reagents) are readily available in most cell culture laboratories or can be readily obtained from any of
several scientific laboratory equipment and supply vendors.

10.1.3 BGI1Luc4E2 Cell Line

The required BG1Luc4E2 cell line is available upon request from Dr. Michael S. Denison,
Department of Environmental Toxicology, University of California, Davis.
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10.2 BGI1Luc ER TA Test Method Training Considerations

The level of training and expertise needed to conduct the BG1Luc ER TA test method should be
similar to that needed for the HeLa-9903 ER TA test method, the only ER TA test method currently
included on the EPA EDSP Tier 1 screening battery (see Section 1.0). Both methods require a
moderate degree of technical capability and a high degree of skill in monitoring and maintaining
appropriate cell growth conditions, troubleshooting cell culture problems, and analyzing and
interpreting in vitro data. Accordingly, personnel should be trained in good cell culture practices, in
the specialized culture procedures needed for this assay, and in safety and handling practices
appropriate to the types of substances that may be tested in the laboratory (Hartung et al. 2002).

It is essential that all laboratory staff are trained to be aware of the need to minimize all sources of
estrogenic contamination, which results in false positive outcomes.

10.3 Time and Cost Considerations

Most of the necessary equipment for conducting the BG1Luc ER TA test method is commonly found
in laboratories that perform cell culture experiments. The one piece of nonstandard laboratory
equipment is a microplate injecting luminometer (estimated cost is $28,000), which is required for
generating the RLU data used to establish a positive or negative result in the BG1Luc ER TA test
method.

Supplies such as cell culture media, the reagents used to measure luciferase, and cell culture
plasticware are available from numerous suppliers. An estimated cost for the BG1Luc ER TA test
method, including relevant consumables (cell culture media, reagents, and supplies), is $2000 per test
substance for both agonist and antagonist testing (G. Clark, XDS, Inc., personal communication).

The BG1Luc ER TA test method takes approximately two days to perform (this includes a range
finder test and at least one comprehensive test). The time estimate for the BG1Luc ER TA test
method is similar to the two days necessary to conduct the CERI-STTA. The current cost of the
CERI-STTA conducted at CERI ranges from a minimum of $1800 per test article based on at least
11 substances tested to a maximum of $2500 per test article when one to five substances are tested
(A. Ono, CERI, personal communication).

Commercially available in vivo test methods that are used to evaluate estrogenic activity are the
uterotrophic and female pubertal assays, which take approximately 30 and 60 days to perform,
respectively. The current approximate costs of commercially available uterotrophic and female
pubertal assays are $40,000 and $140,000 per test substance, respectively (Willett and Sullivan 2010).
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12.0 Glossary

Acceptance criteria*: Minimum standards for the performance of experimental controls and
reference standards. All acceptance criteria must be met for an experiment to be considered valid.

Accuracy*: (a) The closeness of agreement between a test method result and an accepted reference
value. (b) The proportion of correct outcomes of a test method. It is a measure of test method
performance and is often used interchangeably with “concordance.”

Adenosine triphosphate (ATP): A nucleotide involved in energy metabolism and required for RNA
synthesis. It occurs in all cells and is used to store energy in the form of high-energy phosphate
bonds.

Agonist: A substance that produces a response, e.g., transcription, when it binds to a specific
receptor.

Androgen: A class of steroid hormones that includes testosterone and Sa-dihydrotestosterone. These
hormones are responsible for the development and maintenance of the male reproductive system.

Androgen receptor: The receptor to which androgens bind.

Antagonist: A substance that inhibits a response, e.g., transcription, when it binds to a specific
receptor.

Assay*: An experimental system, often used interchangeably with “test” or “test method.”

BG-1: The BG1Luc4E2 cell line was derived from BG-1 immortalized adenocarcinoma cells that
endogenously express both forms of the estrogen receptor (ERa and ERf) and have been stably
transfected with the plasmid pGudLuc7.ERE. This plasmid contains four copies of a synthetic
oligonucleotide containing the estrogen response element upstream of the mouse mammary tumor
viral promoter and the firefly luciferase gene.

Cell density: The degree of confluence of cells growing in a monolayer in a single well of a tissue
culture plate.

Cell morphology: The shape and appearance of cells grown in a monolayer in a single well of a
tissue culture plate. Cells that are dying often exhibit abnormal cellular morphology.

Charcoal/dextran treatment: Treatment of serum used in cell culture. Treatment with
charcoal/dextran (often referred to as “stripping”) removes endogenous hormones and hormone-
binding proteins.

Coded test substances: Substances labeled by code rather than name so that they can be tested and
evaluated without knowledge of their identity or anticipation of test results. Coded test substances are
used to avoid intentional or unintentional bias when evaluating laboratory or test method
performance.

Coefficient of variation: A statistical representation of the precision of a test. It is expressed as a
percentage and is calculated as follows:

(standard deviation « 100

mean

Comprehensive test: A test performed to determine an ECsq or ICsy value. Compared with the range
finder test, the comprehensive test uses a smaller dilution factor for the concentrations tested.

The definitions in this Glossary are restricted to their use with respect to endocrine mechanisms and actions.
* Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
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Concordance*: The proportion of all substances tested that are correctly classified as positive or
negative. It is a measure of test method performance, and it is often used interchangeably with
“accuracy.”

Control: A substance with a known response selected for use during the research, development,
protocol standardization, and validation of a proposed test method. Controls are used to evaluate the
ongoing performance of a test method. All experimental controls must fall within established
historical norms for an experiment to pass “acceptance criteria” and be considered valid.

Culture medium: An aqueous solution containing vitamins, minerals, and growth factors to support
the growth of cells.

Cytotoxicity: The adverse effects resulting from interference with structures and/or processes
essential for cell survival, proliferation, and/or function. For most substances, toxicity is a
consequence of nonspecific alterations in “basal cell functions” (i.e., via mitochondria, plasma
membrane integrity, etc.).

Definitive results: Data and calculations from an assay (excluding data from rejected plates or other
inadequate data).

Dextran: A viscous or semiviscous polymer of glucose.

ECs: The half-maximal effective concentration of an agonist test substance (concentration required
to induce 50% of the maximum possible response).

Endocrine: Of or relating to the endocrine system, endocrine glands, and hormones.

Endocrine disruptor: A substance that interacts with the endocrine system to alter normal
functioning. Endocrine disruptors may act directly by interfering with receptor binding or indirectly
by altering hormone biosynthesis, transport, action, or metabolism.

Endocrine system: A system of glands throughout the body, the hormones they secrete, and the
receptors that recognize and respond to the hormones.

Endpoint: The biological process, response, or effect assessed by a test method.

Essential test method components*: Structural, functional, and procedural elements of a validated
test method that should be included in the protocol for a mechanistically and functionally similar
proposed test method. These components include unique characteristics of the test method, critical
procedural details, and quality control measures. Inclusion of essential test method components is
necessary when the acceptability of a proposed test method is being evaluated based on performance
standards derived from a mechanistically and functionally similar validated test method.

False negative*: An active substance incorrectly identified as negative by a test method.

False negative rate*: The proportion of all positive (active) substances falsely identified as negative.
It is a measure of test method performance.

False positive*: An inactive substance incorrectly identified as positive by a test method.

False positive rate*: The proportion of all negative (inactive) substances falsely identified as
positive. It is a measure of test method performance.

Fluorescence: The emission of visible or invisible radiation by certain substances as a result of
incident radiation of a shorter wavelength, such as x-rays or ultraviolet light.

Good Laboratory Practice (GLP)*: Regulations promulgated by the U.S. Food and Drug
Administration and the U.S. Environmental Protection Agency, and principles and procedures
adopted by the Organisation for Economic Co-operation and Development and Japanese authorities.

C-172



Appendix C — Background Review Document

GLP regulations cover record keeping, quality assurance, and laboratory practices for studies that will
be the basis for data submissions to national regulatory agencies.

Hill function: A four-parameter logistic mathematical model relating the concentration of the test
substance to the response (typically following a sigmoidal shape).

Top- Bottom

Y =Bottom + 1+ 10(02E s -logX HillSlope

where Y = response (i.e., luciferase activity), X is the substance concentration producing the
response, Bottom is the minimum response, Top is the maximum response, ECs, is the substance
concentration at the response midway between Top and Bottom, and HillSlope describes the slope of
the curve.

ICs¢: The half-maximal inhibitory concentration of an antagonist (concentration that causes 50%
inhibition of the measured response).

Interlaboratory reproducibility*: A measure of whether different qualified laboratories, using the
same protocol and test substances, can produce qualitatively and quantitatively similar results.
Interlaboratory reproducibility is determined during the validation process and indicates the extent to
which a test method can be transferred successfully among laboratories.

Intralaboratory repeatability*: The closeness of agreement between test results obtained within a
single laboratory when the procedure is performed on the same substance under identical conditions
within a given time period.

Intralaboratory reproducibility*: A measure of whether qualified people within the same
laboratory can successfully replicate results using a specific test protocol at different times; the first
stage of validation.

In vitro: Literally, in glass. Refers to assays that are carried out in an artificial system (e.g., in a test
tube or Petri dish) and typically use single-cell organisms, cultured cells, cell-free extracts, or purified
cellular components.

In vivo: In the living organism. Refers to assays performed in multicellular organisms.

Luciferase: An enzyme present in the cells of some bioluminescent organisms that catalyzes the
oxidation of luciferin and ATP to produce luminescence.

Luminescence: The emission of radiation, especially of visible light caused by chemical or
biochemical processes.

Luminometer: A device for measuring luminescence.

mRNA: Messenger ribonucleic acid (mRNA). The primary role of mRNA is to transport instructions
related to the production of proteins essential to cell functioning from the genes to the rest of the cell.

Negative predictivity*: The proportion of correct negative responses among substances testing
negative.

Peer review*: Objective review of data, a document, or proposal, and provision of recommendations,
by an expert individual or group of individuals who have no conflict of interest with the outcome of
the review.

Plasmid: A self-replicating circle of bacterial DNA. Plasmids can be artificially constructed and used
as cloning vectors.

Positive predictivity*: The proportion of correct positive responses among substances testing
positive.
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Precipitate/precipitation: A solid substance, often in the form of crystals, separated from a solution,
or the act of a solid substance separating from a solution.

Proficiency: The demonstrated ability to properly conduct a test method prior to testing unknown
substances.

Protocol*: The precise step-by-step description of a test, including the listing of all necessary
reagents, criteria, and procedures for the valuation of the test data.

Protocol standardization: Selection of reference standards, controls, and performance standards for
a protocol prior to initiation of validation efforts.

Q test: A simple statistical test to determine if a data point that appears to be different from the rest of
the data points in a set may be discarded.

suspected outlier — closest value

maximum value - minimum value

The resultant value, Q, is then compared to a table of critical values (Qc). If Q is larger than Qc, the
data point is an outlier and can be discarded with 90% confidence. For example, in a data set with
values of 100, 2655, and 241, the Q value is 0.95. For a set of three data points, Qc is 0.94. Q [0.95] is
greater than Qc [0.94], so 2655 is an outlier and can be discarded.

Receptor: A protein or protein complex that binds to specific molecules to transport them elsewhere
in the cell or to produce a chemical signal.

Receptor binding assay: An assay to measure the ability of a substance to bind to a hormone
receptor protein, typically performed by measuring the ability of the substances to displace the bound
natural hormone.

Reduction alternative*: A new or modified test method that reduces the number of animals required.

Reference standard: A reference substance used to demonstrate the adequacy of a test method.
17p-estradiol is the estrogenic reference standard, and raloxifene HCI is the anti-estrogenic reference
standard for the BG1Luc ER TA test method.

Refinement alternative*: A new or modified test method that refines procedures to lessen or
eliminate pain or distress in animals or enhance animal well-being.

Relative light unit (RLU): The unit used to characterize the endpoint of the BG1Luc ER TA test
method, which is luminescence.

Relevance*: The extent to which a test method correctly predicts or measures the biological effect of
interest in the species of interest. Relevance incorporates consideration of the “accuracy” or
“concordance” of a test method.

Reliability*: A measure of the degree to which a test method can be performed reproducibly within
and among laboratories over time. Reliability is assessed by calculating intra- and interlaboratory
reproducibility and intralaboratory repeatability.

Reporter gene: A gene attached to a regulatory sequence of a gene of interest so that, when
expression of the gene of interest is altered, activation of the reporter gene results in a quantifiable
endpoint, such as luminescence.

Screen/screening test*: A rapid, simple test conducted for general classification of substances
according to general categories of hazard. The results of a screen are generally used for preliminary
decision making and to set priorities for more definitive tests.
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Selection: Enrichment of stably transfected cells in tissue culture, usually by exposure to a substance
that is noxious to nontransfected cells (e.g., exposure of cells to G418 kills cells that do not contain
the G418 resistance vector).

Sensitivity*: The proportion of all positive substances that are classified correctly as positive in a test
method. It is a measure of test method accuracy.

Specificity*: The proportion of all negative substances that are classified correctly as negative in a
test method. It is a measure of test method accuracy.

Stable transfection: DNA encoding desirable genes is transfected into cultured cells in such a way
that it is integrated into the cells’ genome, resulting in the expression of those genes.

Standard operating procedures (SOPs)*: Formal written procedures that describe how specific
laboratory operations are to be performed. These are required by Good Laboratory Practice (GLP)
guidelines.

Tier 1 assay: An assay that is a component of the U.S. EPA Endocrine Disruptor Screening Program
(EDSP) screening battery of tests. Tier 1 screening includes a battery of screening assays to identify
substances with the potential to interact with the estrogen, androgen, or thyroid hormone systems.

Tier 2 assay: An assay that is a component of the U.S. EPA Endocrine Disruptor Screening Program
(EDSP) testing battery. Tier 2 tests are longer in duration than Tier 1 tests and are intended to
encompass a broad range of doses, life stages, and processes.

Transactivation: Induction of gene expression (often measured by a change in a chemical signal) in
response to a transcription factor binding to DNA and activating adjacent proteins.

Transcription: Synthesis of RNA by RNA polymerases using a DNA template.

Transcriptional activation: The initiation of mRNA synthesis in response to a specific chemical
signal, such as a binding of an estrogen to the estrogen receptor.

Transfection: The process by which foreign DNA is introduced into a cell to change the cell’s
genotype.

Transferability*: The ability of a test method or procedure to be accurately and reliably performed
in different, competent laboratories.

Transient transfection: DNA is transfected into cultured cells but is not permanently integrated into
the cells genome and is retained for only two to three days.

Trypsin: An enzyme that cleaves proteins and can detach monolayer cells from a culture flask for
resuspension.

Uterotrophic bioassay: An in vivo assay for estrogenic substances in which an increase in uterine
weight compared with controls indicates positive estrogenic activity.

Validated method*: An accepted test method for which validation studies have been completed to
determine its accuracy and reliability for a specific proposed use.

Validation*: The process by which the reliability and accuracy of a procedure are established for a
specific purpose.

Vector: A small segment of DNA (frequently a plasmid or viral DNA) that is used to carry a foreign
gene or DNA sequence into a cell.

Weight of evidence (process)*: The strengths and weaknesses of a collection of information used as
the basis for a conclusion that may not be evident from the individual data.

Xenobiotic: A substance that is not produced by the organism of interest.
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Annex A

Submission of XDS’s LUMI-CELL"" ER High-Throughput System for Screening
Estrogen-Like Chemicals for Review by ICCVAM
(Received by NICEATM February 1, 2005)

The document is available at:

https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexa/xds-sub.pdf
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Annex B
ICCVAM/NICEATM Evaluation — BG1Luc ER TA Submission

The document is available at:
https://ntp.niehs.nih.gov/iccvam/methods/endocrine/endodocs/
xdseval2.pdf
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Annex C
NICEATM Report on the XDS BG1Luc ER TA Protocol Standardization Study Agonist and

Antagonist Protocols

Annex C is available on the NICEATM website

Main Body:

https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexc/cO-prot-stand.pdf

Appendix A:
Experiments Conducted during the BG1Luc ER TA Protocol Standardization Effort:
https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexc/c2-appxb.pdf

Appendix B:
Protocol for the LUMI-CELL® Estrogen Receptor (ER) Transcriptional Activation Test Method
for the Detection of ER Agonists:
https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexc/c2-appxb.pdf

Appendix C:
Protocol for the LUMI-CELL® Estrogen Receptor (ER) Transcriptional Activation Test Method
for the Detection of ER Antagonists:

https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexc/c3-appxc.pdf
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Annex D

Addendum to
ICCVAM Evaluation of In Vitro Test Methods for Detecting
Potential Endocrine Disruptors:
Estrogen Receptor and Androgen Receptor Binding and
Transcriptional Activation Assays
(NIH Publication No. 03-4503)

The document is available at:
https://ntp.niehs.nih.gov/iccvam/docs/endo docs/edaddendfinal.pdf
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Annex E
ICCVAM/NICEATM BG1Luc ER TA — Agonist Protocol

The document is available at:

https://ntp.niehs.nih.gov/iccvam/methods/endocrine/ivsdocs/lumiag12mar09.pdf
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Annex F

ICCVAM/NICEATM BG1Luc ER TA — Antagonist Protocol
The document is available at:

https://ntp.niehs.nih.gov/iccvam/methods/endocrine/ivsdocs/

lumiantag12mar(09.pdf
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Annex G
Materials Relating to Cell Viability

Annex G1
Cell Viability Manual
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexg/gl-

cell-viab-manual.pdf

Annex G2
Quantitative versus Qualitative Assessment of Cell Viability
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexg/g2-

cytotox-report.pdf

Annex G3

Viability Summaries
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexg/g3-

viab-summ.pdf
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Annex H
ICCVAM/NICEATM BG1Luc4E2 ER TA - Validation Study Design

Annex H1

Study Design and Work Plan
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexh/h1-design-

work-plan.pdf

Annex H2

QA/QC Outline (Hiyoshi Corporation)

Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexh/h2-hiyoshi-
qc.pdf

C-191


https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexh/h2-hiyoshi
https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexh/h1-design

ICCVAM BGI1Luc ER TA Evaluation Report

This page intentionally left blank

C-192



Appendix C — Background Review Document

Annex I

Substances Used for the Validation of the BG1Luc ER TA Test Method

Annex 11
ICCVAM-Recommended Substances — Structures, Chemical, and Product Class
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexi/

il-rec-substances.pdf

Annex 12
Substances Used During BG1Luc ER TA Validation — Purity and Supplier Information
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexi/

i2-purity-supplier.pdf

Annex I3

Substances Used During BG1Luc ER TA Validation — Test Substance Codes
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexi/
13-test-sub-codes.pdf
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Annex J

ICCVAM/NICEATM BG1Luc ER TA — Prism Files: Prism Files for All Validation
Study Phases

GraphPad Prism® files with study data are available on request from NICEATM.
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Annex K

Experimental Details

Annex K1
List of Test Substance Ship and Test Dates
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexk/k1-dates.pdf

Annex K2
Phase 1 Experiments Conducted to Establish Historical Databases
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexk/k2-phasel.pdf

Annex K3
Phase 2a Experiments
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexk/k3-

phase2a.pdf

Annex K4
Phase 2b Experiments
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexk/k4-

phase2b.pdf

Annex K5
Phase 3 Experiments
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo _docs/erta-tmer/appxc/annexk/k5-phase3.pdf

Annex K6

Phase 4 Experiments
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexk/k6-phase4.pdf
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Annex L

Within-Plate DMSO Control Values for BG1Luc ER TA Agonist and Antagonist
Assays

Available at:

https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexl-dmso-

controls.pdf
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Annex M

ICCVAM/NICEATM BG1Luc4E2 ER TA — Plate Redesign and Compilation of a
Historical Database

Report Main Body available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/
appxc/annexm/m0-plate-redesign.pdf

Appendix A: Phase 1 Experiments Conducted to Establish Historical Databases available at:
https://ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexm/m1-appxa.pdf
Appendix B: Conduct and Analysis of Edging Effects Experiments available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/m2-appxb.pdf
Appendix C: BGILUC4E2 ER TA Agonist Protocol 18 April 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/m3-appxc.pdf
Appendix D: BGILUC4E2 ER TA Antagonist Protocol 18 April 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/m4-appxd.pdf
Appendix E: BGILUC4E2 ER TA Agonist Protocol 11 June 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/mS-appxe.pdf
Appendix F: BGILUC4E2 ER TA Antagonist Protocol 11 June 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/mé6-appxf.pdf

Appendix G: BGILUC4E2 ER TA Agonist Protocol 02 August 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/m7-appxg.pdf
Appendix H: BGILUC4E2 ER TA Antagonist Protocol 02 August 2007 available at: https://
ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/annexm/m8-appxh.pdf
Appendix [: BGILUC4E2 ER TA TA Phase I Protocol Amendments available at: https://

ntp.niehs.nih.gov/iccvam/docs/endo docs/erta-tmer/appxc/annexm/m9-appxi.pdf
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Annex N

Literature Update Files

Annex N1
Binding Data from the Scientific Literature
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/

annexn/nl-er-binding-data.xls

Annex N2
ER TA Data from the Scientific Literature
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/

annexn/n2-er-ta-data.xls

Annex N3

Bibliography for the ER Binding and Transcriptional Activation Literature Update
Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxc/

annexn/n3-bibliography.pdf
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TUESDAY, MARCH 29, 2011

Call to Order and Introductions

Dr. Vandenbergh (Peer Review Panel Chair) called the meeting to order at 8:30 a.m. and introduced
himself. He then asked all Peer Review Panel (Panel) members (those present and those in attendance
via teleconference), Dr. Stokes, and Dr. Casey to introduce themselves and to state their name and
affiliation for the record. Dr. Vandenbergh stated that there would be ten public comment periods and
he asked that those individuals interested in making a comment register at the registration desk. He
requested that the public attendees hold questions and comments until the conclusion of the Panel’s
discussions. Dr. Vandenbergh emphasized that the comments would be limited to seven minutes per
individual per public comment session and requested that all comments should be brief and succinct.
He deferred other introductions of those in attendance from the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM), the
Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM), the
ICCVAM Endocrine Disruptor Working Group (EDWG), Integrated Laboratory Systems, Inc
(NICEATM staff), and members of the public until after the presentation of introductory remarks by
Dr. Stokes.

Welcome and Opening Remarks from the NICEATM Director

Dr. Stokes of the National Institute of Environmental Health Sciences (NIEHS) and Director of
NICEATM welcomed everyone to the Panel meeting being held on the main campus of the National
Institutes of Health (NIH) in Bethesda, Maryland. He explained the NIH role as the nation’s
biomedical research agency and described the NIH budget and affiliated institutions. He stated that
the NIH mission is to conduct science in the pursuit of fundamental knowledge about the nature and
behavior of living systems, to apply that knowledge to extend healthy life, and to reduce the burdens
of illness, injury, and disability.

Dr. Stokes stated that the NIH as well as the 15 agencies that are represented on ICCVAM greatly
valued the expertise and input of the Panel on its review of the science behind these test methods. He
said that ICCVAM is required by law to evaluate new methods and to make recommendations about
their scientific validity, their usefulness, and limitations. The scientific peer review is incorporated as
a critical and essential part of that evaluation process.

Dr. Stokes provided a brief overview of ICCVAM and NICEATM, and identified the 15 Federal
agencies that comprise ICCVAM. He summarized the purpose and duties of ICCVAM (as described
in the ICCVAM Authorization Act of 2000"), noting that ICCVAM, as an interagency committee,
does not carry out research and development or validation studies. Instead, [CCVAM, in conjunction
with NICEATM, carries out critical scientific evaluations of the results of validation studies for
proposed test methods to assess their usefulness and limitations for regulatory testing, and then makes
formal recommendations to ICCVAM agencies. Dr. Stokes said that since the first recommendations
were issued by ICCVAM in 1999, the committee and its members have reviewed and evaluated over
40 alternative safety-testing methods that have subsequently been endorsed by U.S. and/or
international agencies. These methods, if they are used, can typically reduce, refine, and in some
cases replace animal use for required regulatory testing. Most of these methods have been adopted as
international test guidelines or incorporated into international guidance documents. NICEATM is a
center of the National Toxicology Program (NTP) and is headquartered at NIEHS located in Research
Triangle Park, North Carolina. It conducts and coordinates international validation studies and
provides administrative and scientific support for [ICCVAM. The NTP coordinates toxicology testing
programs across the federal government.

! http://iccvam.niehs.nih.gov/docs/about_docs/PL106545.pdf
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Dr. Stokes also stated that ICCVAM provides recommendations on how to advance new science and
technology into standardized test methods by holding workshops. Experts are asked to provide advice
on aspects that might improve or advance the methods that they review, so that the scientific
community can move forward with methods that use few or no animals, can be conducted more
efficiently, and can provide more predictive data.

Dr. Stokes defined basic validation as a determination of the usefulness and limitations of a test
method for a specific purpose. Validation is more formally defined in [CCVAM documents as the
process by which the reliability and relevance of a test method are established for a specific, defined
purpose. Reliability is a measure of the extent to which a test method can be preformed reproducibly
within and among laboratories over time, and relevance is defined as the extent to which a test
method will correctly predict or measure the biological effect of interest. Adequate validation of a
new test method is a prerequisite for consideration for use in regulatory decision-making by federal
agencies. The law specifically states that agencies must determine the method to be valid for its
intended purpose prior to requiring, recommending, or encouraging its use.

Dr. Stokes explained that the last step in evaluating the validity of a test method is independent
scientific peer review. The proposed use of the test method must provide for equivalent or improved
protection of human and/or animal health or the environment compared to the method that it is
proposed to replace or be used in place of. Once validation studies are completed, then draft
documents called background review documents (BRDs), as well as draft test method
recommendations, are prepared by ICCVAM (through NICEATM). These are made available to the
public and provided to the peer review panel. During the independent peer review an independent
report is generated and made available to the public and to ICCVAM’s advisory committee for
comment. Finally, ICCVAM considers the Panel report, the comments from the public, and
comments from the advisory committee and then develops a final test method evaluation report that is
transmitted to federal agencies and, where appropriate, forwarded for international consideration.

Dr. Stokes concluded his opening remarks and thanked the Panel members for their commitment of
expertise, time, and effort and acknowledged their important role in the ICCVAM test method
evaluation process.

Overview of the ICCVAM Evaluation

Dr. Stokes provided an overview of the ICCVAM evaluation process for the validation study. He told
the Panel that they would review the validation status of an in vitro endocrine disruptor assay
(BG1Luc ER TA Test Method, hereafter known as BG1 method) to detect whether chemicals could
interfere and interact with the estrogen receptor. He provided the audience with a brief discussion of
how endocrine disruptor substances could interfere with the normal function of endogenous hormone
signals, which can lead to abnormalities that have been shown in laboratory studies in terms of
growth, development, and reproduction.

Process and Charge to the Panel

Dr. Stokes explained to the Panel that the BRD provided a comprehensive compilation of all the
information and validation data supporting the validity of the BG1 method. The duties of the Panel
included review of the BRD for its adequacy and completeness and then consideration of the draft test
method recommendations and the extent that this documentation supported those recommendations.

Dr. Stokes reviewed the charge to the Panel:

* Review the draft BRD for completeness and to identify any errors or omissions

* Evaluate the information in the draft BRD to determine the extent to which each of the
applicable criteria for validation and acceptance have been appropriately addressed

* Consider the draft test method recommendations and comment on the extent to which
they are supported by the information and data in the BRD. Those recommendations
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address the test method uses and limitations, recommended standardized protocols,
recommended test method performance standards, and proposed future studies.

Dr. Stokes provided a brief timeline of the evaluation process. This process included publication of a
public notice announcing a meeting and the availability of all the materials that have been provided to
the Panel for review, implementation of Panel subcommittee meetings to determine initial draft
positions, and reception of public comments for consideration. He explained that following the peer
review meeting, the Panel would prepare and agree on a final report, and that Dr. Vandenbergh would
make a presentation at the June meeting of ICCVAM'’s Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM). ICCVAM and its Endocrine Disruptor Working Group (EDWG)
will consider all this information, finalize its recommendations, and prepare the test method
evaluation report for transmittal to federal agencies in the fall of 2011.

Dr. Stokes acknowledged the ICCVAM committee principal, alternate, and other representatives from
the various agencies, as well as the participants on the EDWG from the various agencies. He also
cited the international liaisons from ECVAM, the Japanese Center for the Validation of Alternative
Methods (JaCVAM), and the NICEATM staff who organized the meeting under the leadership of Dr.
Warren Casey.

Conflict of Interest Statement

Dr. Stokes reminded the Panel that they were meeting as an NIH special emphasis panel, under that
charter, and he indicated that he would serve as the Designated Federal Official for the public
meeting. He then read the conflict-of-interest statement and again asked members of the Panel to
identify any potential conflicts for the record. Dr. Vandenbergh asked the Panel members to declare
any direct or indirect conflicts based on Dr. Stokes’ statements and reminded the Panel that everyone
had already signed a conflict-of-interest document.

Overview of Agenda

Dr. Vandenbergh provided a general review of the agenda and outlined the process for reviewing
each of the topics. Dr. Casey was to present the overview and background of the BG1 method and the
validation study to the Panel on the first day of the meeting. Following that presentation, the Panel
would break up into four separate groups with each group reviewing a specific area of the study. The
leader of each group would then present the results of his or her group’s discussion to the entire Panel
when the whole Panel reconvened. All the panelists would have the opportunity to read the entire
BRD, and those with specific areas of interest would have their comments discussed with the entire
Panel. This would lead to a Panel discussion on the test methods, the validation of the data and the
results, and the accuracy of the test method. The second day of the meeting would include Panel
discussions on the test method reliability, the other studies that have come up in the interim, the
animal welfare aspect, and other practical considerations. The Panel would also discuss the [CCVAM
draft recommendations, the usefulness and limitations of the test methods, and potential future
studies. Dr. Casey would present a summary of the BG1 method, and the Panel would discuss the test
method performance standards. After each of these discussions and presentations, the public would
have the opportunity to ask questions or make brief presentations.

Overview of the BG1Luc ER TA Test Method (LUMI-CELL® ER)
Historical Background

Dr. Casey provided the background for development of endocrine disruptor testing. He stated that the
Federal Food, Drug, and Cosmetic Act sent a mandate to the U.S. Environmental Protection Agency
(EPA) to develop a screening program, using appropriately validated methods or other scientifically
relevant information, to determine whether certain substances may have an effect in humans that are
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similar to an effect produced by naturally occurring estrogen. The Endocrine Disruptor Screening and
Testing Advisory Committee (EDSTAC) of the EPA recommended a two-tier screening program:

* Tier 1 — five in vitro and six in vivo tests, to identify substances with the potential to
interact with the estrogen, androgen, or thyroid systems
* Tier 2 — a series of in vivo tests

In January 2004, Xenobiotic Detection Systems (XDS) nominated their LUMI-CELL® ER assay for a
validation study to ICCVAM and in October of 2004, ICCVAM and SACATM considered the assay
as a high priority method for validation. He described the prioritization of the in vitro assay based
partly on the following factors:

* The method is faster and cheaper than any in vivo method

* A concentration-response curve is obtained from this method that is not always available
in an in vivo study

* This method has an advantage over the currently existing in vitro method in that it has an
agonist component and an antagonist component

Dr. Casey provided other prioritization criteria for in vitro test methods:

* They should be applicable to multiple agencies or programs

* They should be amenable to a high-throughput format as part of the Tox21 effort

* They should be applicable to the Organisation for Economic Co-operation and
Development (OECD) conceptual framework, which is a weight-of-evidence approach to
assess ED potential

He said that any assay that can be developed to help assess the endocrine disrupting potential of
chemicals would add value to protecting human health. Dr. Casey noted that ICCVAM and
NICEATM concluded that the test method is applicable to the criteria required by the agencies though
the agencies are not obligated to accept.

Dr. Casey spoke on the potential of the BG1 method to reduce, refine, and replace animals. There is
no direct replacement or refinement for the use of animals, but the BG1 method could be used as a
substitute or an alternative test to the CERI STTA assay (Stably Transfected Human Estrogen
Receptor-a Transcriptional Activation [STTA] assay validated by the Japanese company Chemicals
Evaluation and Research Institute [CERI]). The BG1 method data showed that the assay has 100
percent specificity for detecting compounds that bind the estrogen receptors. Dr. Casey suggested that
the BG1 method could possibility replace the direct uterine cytosol assay, which, although is an in
vitro assay, does use animals as a source of ER. The BG1 method also has 100 percent sensitivity
with the very small data set from the rat uterotrophic assay (i.e., any compound that tested positive in
the uterotrophic assay was positive in BG1 method). Dr. Casey stated that the only validated ER TA
method in use is the CERI STTA assay (an agonist only test), also known as OECD Test Guideline
455, which was directly adopted by the EPA for their EDSP program.

The BG1 method uses ovarian cancer cells that have both endogenously expressed ER-alpha and beta
and cells that naturally have these receptors have the machinery in place to process signaling from
those receptors. The BG1 method can identify antagonists, which creates the potential to identify a
wider range of chemicals.

Validation Study Design

Dr. Casey said that a highly detailed standardized test method protocol was developed from October
2004 to October 2005 and ICCVAM recommended conducting an international multi-laboratory
validation study. The study was organized by NICEATM, in conjunction with ECVAM and
JaCVAM, and one laboratory was identified to perform the study in association each of the three
respective centers. A four-phase validation study was initiated. Phase 1 generated historical data and
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established that laboratories could adequately handle the reference standards and controls. Three
replicate tests were run with four coded substances for agonism and four coded substances for
antagonism during Phase 2a, the laboratory-qualification phase. Eight coded substances were tested
for agonism and eight coded substances were tested for antagonism during Phase 2b, the qualification
phase. Phase 3 included the testing of 41 coded substances one time each at all three laboratories.
Only XDS participated in Phase 4 where 25 coded substances were tested. Additional retesting at
XDS was completed in June 2010.

Background Review Document (BRD)

The BRD was drafted in 2010 (October through December) and reviewed by ICCVAM. The Federal
Register (FR) notice for the peer review meeting was published in February 2011 and the BRD was
made available to the public and the Panel.

Panel Discussion

Dr. Kelce initiated the Panel’s discussion of Section 1 (Introduction) of the BRD for the BG1 method
by noting that some typographical errors needed correction in the BRD and recommended that Phase
2 of the validation study should be known as the laboratory proficiency phase instead of the
qualification phase. The Panel suggested including a more thorough discussion of the specific
advantages of a transactivation assay relative to other in vitro ER assays such as providing advantages
compared to binding assays since they examine estrogen agonist and antagonist activity, and
detecting endocrine-active substances that potentially can act through non-receptor-mediated
mechanisms. BG1 cells express both ERa and ERP and as such, possess the transcriptional
machinery required for estrogen responsiveness.

BG1 cells have been stably transfected with four copies of the ERE and a luciferase reporter system.
The Panel asked for clarification as to why there were four copies of the EREs and why the EREs are
in their current orientation. Stably transfected cell lines have advantages over transiently transfected
cell lines, including long-term utility without the need to transiently transfect cells each assay. The
BG-1 test method has demonstrated responsiveness to estrogens and limited cross-reactivity with
ligands of other steroid hormone receptors. Each of these important points should be emphasized in
BRD.

Dr. Kelce asked whether ICCVAM'’s prioritization criteria and regulatory requirements were
adequately discussed. The Panel was satisfied with the criteria discussion but agreed that the
regulatory requirements need to be definitively detailed by their respective agencies worldwide. The
specific regulatory use of data generated with this method has yet to be specifically defined (also
applicable to the CERI STTA). Accordingly, it is essential that answers to the following questions be
provided before making definitive conclusions regarding the usefulness and limitations of this assay:

* Is the BG1 method going to be added to the EPA Tier 1 battery?

*  Will the BG1 method replace the STTA assay (if considered)?

* Will the BG1 method be used as a stand-alone screening assay for estrogen agonists and
antagonists (i.e., replace the binding assay)?

*  Will the BG1 method be developed into HTS screening assay?

The BRD should indicate that these issues are ill defined and that the agencies should provide input.

Dr. Borgert stated that ICCVAM criteria implied that all assays had to be validated for a specific
purpose. However, the BG1 method has no defined use other than it is used in the same way as CERI
STTA (which is also ill-defined as to the true use of the method). He said that one is trying to find
substances that are ER agonists, and the definition of agonist is one that is positive in the CERI
method, then circular reasoning is being used. He asked that more detail be provided to adequately
address the validity of the method.
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Dr. Borgert expressed concern as to how these assays would be used. He stated that the assays could
not be adequately compared until the specific use of the test method is defined. He proposed the
following questions:

e [fasubstance is positive for ER agonism, does that mean it has the potential to be
estrogenic in vivo?

* If'the assay cannot provide information on whether a substance will be active in vivo,
what is the meaning?

* Do we believe that androgens can act at the ER and is that relevant?

Dr. Borgert said that his comments were not criticizing the effort, but suggested that the Panel was
compromised by the lack of specificity by the intended use of the methods.

Dr. Yager stated that the assay includes a qualitative response (positive or negative) and a quantitative
response. The positive or negative does not consider concentration response even if it is near 1 mM or
100 uM, which would make it more or less irrelevant in vivo. He said that determination of an EC
value misses what concentration is available to the cells. Cell culture conditions will affect absorption
of compounds to different degrees, depending upon their structure and chemical properties and there
is no proposal to determine what the free concentration is that is available to the cells. He stated that a
second element is agonist versus antagonist and noted that the BRD states that in vitro transcription
systems have the potential to detect antagonists. This is confusing and is another element of
specificity. He asks if the compound is actually acting as an estrogen or whether the second element
of specificity is antiestrogen.

Dr. Casey clarified that the CERI STTA assay has never been validated to detect antagonists, though
in theory, it should be able to. He said that interpretation of these assays is more than just positive and
negative. ECs, values are collected but comparison of positive or negative to ECs, values was not part
of the validation study design. This study showed how the BG1 method related to the other
transcriptional assay and to the binding assay and how ECs, values generated in this assay correspond
to published ECs, values. The Panel agreed that more commentary is needed on the potency and dose-
response since 1Csy and ECs, data are collected according to the protocol.

Dr. Levine stated that the test system can also detect endocrine-active substances through non-
receptor-mediated mechanisms and the EPA examines this in their matrix to detect potential activity.
He accepted that the BG1 method could potentially detect non-receptor-mediated mechanisms and
considered what types of diagnostic tools are available for such situations and how one would address
that in the context of the screening program that many compounds are going through. Dr. Levine
suggested that this issue and the accuracy and specificity aspects be discussed in the BRD.

Dr. Borgert said that EPA Test Guideline 890.1300 states that the aim of the transcription-activation
assay is to evaluate the ability of a chemical to function as an ER ligand and activate an agonist
response for screening and prioritization purposes but can also provide mechanistic information that
can be used in a weight-of-evidence approach. He also said that if an estrogen agonist is being
defined as one that is positive in this assay, then it is very much a circular reasoning process. The
assay is validated for estrogen agonists that are defined by the fact that they produce a positive in this
assay or in any transactivation assay and then the assay is deemed good because it identified the
compounds that it identified. The real problem is there is specificity on what this means or how it will
be used. Dr. Borgert requested that the document should state this conundrum. Dr. Kelce added that a
positive result does not determine whether the result is ER-mediated or not. The only way to tell is to
do a co-incubation with ICI. Another positive result will indicate that it is not receptor-mediated and
this is the only way to know whether that satisfies that specific criterion mentioned in the CERI
STTA assay. Dr. Borgert countered that if an estrogen agonist is defined as a compound that gives a
positive response in a transcription-activation construct then he agrees with Dr. Kelce. However, he
also said that if an estrogen agonist is actually a compound that is a ligand at estrogen receptors and
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produces the cellular and physiological responses of an estrogen, then the two might not match
exactly. This is observable with some of the compounds that produce a positive result in these assays,
albeit at a potency so far removed from the natural ligand that they could never actually function as
an estrogen in an organism.

Dr. Stokes stated that the test methods were screening assays that provide mechanistic or pathway-
type information and that these types of assays will be prevalent in the future in the field of
toxicology. He said that obtaining many nonspecific positive responses that are not ligand-mediated
in a screening assay makes the usefulness of that assay questionable. He requested that the Panel
provide insights on the likelihood that mechanisms other than a ligand interaction caused that positive
response and how often this might occur. Dr. Borgert stated that the literature shows how the wrong
ligand activates the receptor and can see that there are substances that legitimately are activating the
receptor, but at concentrations that are not at all relevant.

The Panel agreed that the purpose and mechanistic basis of the BG1 method was adequately
described with the caveats mentioned previously regarding vector construct and design. However, the
Panel stated that the use of the proposed test method in an overall strategy of hazard or safety
assessment is unclear. The BRD should indicate that this has yet to be defined. Additionally, the
Panel asked that relevant regulatory agencies respond with answers to the previous questions to more
clearly define this issue and suggested that the BRD should propose how these data should be used
for safety assessment. Regulatory agencies have yet to define how individual assays within the Tier 1
battery will impact safety assessment.

Dr. Stokes stated that the draft recommendations provided to the Panel include proposed
recommended uses and limitations for a specific use. The Panel can include information in the
meeting report on demonstrated other uses or potential other uses that need further data, either from
this test system or other test systems, to characterize that usefulness. Dr. Casey added that it would be
very useful for the Panel to provide an assessment of the test method (e.g., is this method as good as
the current test, should you get the same results, can a company use this to submit data to the EPA, is
there enough data to replace the receptor binding assay). Additionally, recommendations on
additional potential applications or suggestions for other validation studies would be welcome.

Public Comments

Dr. George Clark (Xenobiotic Detection Systems [XDS]) explained why the BG1 cells were used for
the validation study. He stated that XDS wanted to develop a naturally responsive estrogen receptor
in a human ovarian carcinoma along with four or five other different receptors to have a cell available
that mimicked normal cells. He also said that the BG1 method has six logs of responsiveness and that
you can obtain dose-response data and relative potency between the different systems. Dr. Clark also
expressed that the ECsy values were an important part of the validation because they could be used for
dose setting and thereby reduce animal usage.

Dr. Kate Willett (PETA) spoke about the OECD performance-based test guideline concept of which
the CERI STTA assay and, hopefully, the BG1 method will form the basis. This is a concept to
expedite the validation of methods that are considered similar, i.e., they measure the same endpoint
and use similar technology. In the review of the BG1 validation study, there will be the need to
harmonize the two studies in terms of their specificity and sensitivity and output.

Additional Panel Discussion

Dr. Casey stated that he was on the OECD workgroup that was reviewing the performance-based test
guideline concept and was aware of Dr. Willett’s information.
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The BG1Luc ER TA Test Method BRD Protocol

Dr. Casey presented an overview of the agonist and antagonist protocols that were developed for the
validation study. He explained that the protocols were fine-tuned to be used by highly trained
laboratory personnel because of the extreme level of sensitivity the test method is capable of
achieving. Implementation of the protocols lends themselves to high variability. The agonist assay is
a gain of function, meaning that when the ligand binds to the receptor, the receptor then binds to
estrogen response elements and turns on the gene with an endpoint as a gain in signal. The antagonist
assay is a loss of function where one starts with the cells in an induced state, increasing
concentrations of test substance are added, and determination of whether there is a decrease in signal
is the endpoint. The inherent problem is that cells that die produce a positive response and this is the
number-one concern with this assay.

Both protocols have essential test method components: solvent controls, DMSO, reference standards
(17-beta-estradiol for the agonist and raloxifene HCI for the antagonist) and two weak positive
controls, which are several orders of magnitude in ICsos or ECss from the reference standards. The
maximum test substance concentration, unless otherwise limited by solubility or cytotoxicity is 1 mM
for the agonist and 10 uM for the antagonist. Seven concentrations at log10 intervals are tested in the
range finder tests. ECs or ICs, values are calculated using the four-Hill-parameter equation. Test
acceptance criteria for the agonist assay include a minimum of threefold induction for the E2
standard. No data points are used where the visual determination of cell viability is less than 80%.
The CellTiter-Glo ATP method for determining cytotoxicity shows that if you have less than 20
percent reduction in viability, then there is no effect on signal. The EPA steroidogenesis assay and the
ISO9000 cytotoxicity test for medical devices allow visual observation of cytotoxicity.

Panel Discussion

Dr. Kelce led the discussion of Section 2 (Test Method Protocol) of the BRD. The Panel discussed

the importance of a reliable cytotoxicity test. Agreement on the definition of cytotoxicity is difficult
to achieve since reduction in cell numbers may be attributed to many factors, e.g., mitochondrial
dysfunction, oxidative stress, and redox imbalance. The measurement of luciferase activity is
problematic since the determination of cytotoxicity is subjective and only highly experienced
laboratory personnel can make accurate determinations. The Panel suggested that a cross validation of
the luciferase method and another cytotoxicity test method should be conducted.

The Panel noted typographical errors in the draft BRD, which are detailed in Appendix A and that
although improvements to the protocol(s) during the course of the study were explained in the BRD, a
better assessment of their impact on study results is needed to improve the document. The Panel
agreed that the protocols appear complete and adequate in detail for a laboratory to conduct the study.
However, some of the details in the protocols suggest requirements that should be more generic (i.e.,
less specific).

The Panel stated that the critical aspects of the test method protocol are adequately justified and
described in the BRD. The use of visual assessment of cytotoxicity is subject to operator
inconsistencies and may not always accurately reflect the viability of cells in culture. An accurate,
objective cytotoxicity method is most critical for antagonist assays. Additional efforts should be
undertaken to validate the utility of this approach for future use. The Panel suggested that a wider set
of substances with known mechanisms of cytotoxicity should be tested and quantitative cytotoxicity
methods are needed for developing new in vitro ER assays. The Panel agreed that the reference
standards and controls proposed for the agonist and antagonist protocols are appropriate, but that
future studies should consider including confirmation assays using a pure estrogen receptor antagonist
(e.g., ICI 182,780). This would confirm ER binding behavior.
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Test acceptance criteria were discussed and the Panel agreed that the plate acceptance criteria defined
in the agonist and antagonist protocols appeared adequate. However the criteria for acceptance based
on the DMSO controls could be too stringent and perhaps better criteria could be defined. The Panel
also agreed that the proposed decision criteria for identifying a qualitative positive or negative
response in the agonist and antagonist protocols were appropriate. However, the Panel suggested that
potency and intrinsic activity relative to a known endogenous ligand are critical components in
determining whether a substance is truly positive (or not) and this is not addressed in the current
decision criteria. The Panel recommended inclusion of this component to improve the utility of the
assay. Other recommendations by the Panel included 1) recording EC/ICs, values (or other values,
e.g., EC/ICy) and associating them with the qualitative “+/-” call, and 2) implementing a relative
potency approach by comparing test substances to known reference substances.

Public Comments

Dr. Clark stated that one can visually inspect a plate for cytotoxicity in less than 30 seconds and that
other cytotoxicity endpoint assays take 15 to 20 minutes. He said that the test method is not a rapid,
fast assay providing good data when using endpoints other than visual observations. He expressed
that the test method is a screening assay and that this aspect is reflected in the protocol.

Additional Panel Discussion

Dr. Levine responded that the term “screening” applies to the endocrine disruption screening
program, but people have to recognize that many of the screens are really tests and speed is not the
most essential aspect of the test method. He said that assays currently conducted in the ED program
take nearly a month or longer to complete for the end phase and they include extensive biochemical,
histological, behavioral, and reproductive measurements. He believes the same level of rigor is
needed in the in vitro assays as the in vivo assays and each assay is as important as the other in terms
of data quality, data accuracy, and data reliability.

Validation Study Reference Substances

Dr. Casey presented background information on the validation study reference substances. He stated
that NICEATM and ICCVAM performed an objective and thorough retrospective analysis of the data
and updated the database (established in 2002) in 2010. The analysis used literature to classify
reference substances that were well documented in peer-reviewed journals that consistently reported
the call for the substances as one way or the other. In 2002, ICCVAM recommended a list of 78
reference substances to use to assess four different methods: estrogen and androgen binding and TA.
Not all of the substances were intended to be estrogen receptor reference chemicals. There are certain
compounds that should be used for reference classification of estrogen-active compounds.

Dr. Casey said that the definition of accuracy used for this study is the degree of closeness between a
test method result and an anticipated reference. The literature citations used provided human ER TA
assay results. If the call was positive in those assays in the literature, then the call was positive for the
BG1 method. The intent of this study was to show that this assay is as sensitive as other ER TA
assays that have been previously published. NICEATM reviewed all papers identified in the literature
searches and thoroughly evaluated the quality of data presented.

Two criteria were based on the literature review (a minimum of two studies): a substance was labeled
as a positive if it was reported as positive for activity in more than 50 percent of the studies; a
substance was labeled as a negative if it was reported negative in all studies, and a minimum of two
studies. Other substances were labeled presumed positive or presumed negative as a convenience for
classification. The only substances we used in the study were the positive and the negative. Based on
those criteria, 42 substances were identified for use in agonist accuracy (33 positive, 9 negative) and
25 substances for use in antagonist accuracy (3 positive, 22 negative). Dr. Casey suggested that one of
the clear concerns regards the three reference antagonists, which is a reflection of the literature, and
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may be a reflection of the real or not-real danger of these compounds. He said that it is difficult to
find consistent data for antagonists and that reports presenting compounds as being positive are false
positives because the controls were not run correctly. Almost all compounds become positive after
testing substances at10 uM in these types of assays.

One of the criteria for reference substances is that there should be chemical diversification. The
reference substances used in this study fall in many different categories and are a good representation
of different chemical structures. All of the reference substances had well-referenced activity one way
or another.

Panel Discussion

Dr. Levine addressed the notion that this study was a retrospective validation. He said that this is not
entirely different, in many respects, from the CERI STTA validation that was a pre-validation and
retrospectively evaluated as a validation. Dr. Casey replied that Dr. Levine’s understanding of
validation may be a matter of semantics, and that this study was not designed as a retrospective
validation study but as a prospective validation study. There was a retrospective analysis of the
results.

The Panel noted typographical errors in the draft BRD, which are detailed in Appendix A and also
cited relevant information that should be included in this section that would improve the document.
Specifically, the Panel asked that the BRD reflect how ECVAM ensured that the in-house ECVAM
laboratory did not know the identity of the controlled substances. The Panel agreed that a broad range
of different chemical classes and physicochemical properties were tested as part of this validation
exercise. The list follows ICCVAM guidance and is largely applicable to chemicals and products that
are screened to evaluate the potential for estrogenic activity. Several classes were represented by as
few as one substance. It is questionable whether these classes are sufficiently represented as no
conclusions on usefulness or limitations specific to these classes can be made. The Panel
recommended testing more substances in both the agonist and antagonist protocols. Future testing
should include compounds from under-represented classes and compounds that have surface-active
properties. Also, identification of additional known negative compounds for agonist activity is
necessary since less than 25% of the agonist substances used for the accuracy analysis are negative. It
is difficult to investigate false positives in a new test system if the majority of test chemicals are
positive.

The Panel concluded that the use of the majority classification among results to establish the
consensus reference classification assigned to each reference substance is a reasonable strategy. The
Panel stated that a 50% cut-off for definitive classification is not very strong. If the quality of the data
used was additionally considered then it would strengthen the rankings. However, for assessment of a
screening assay, where perfect performance could not be expected or required, this method is
sufficient. The Panel noted that the BRD should provide better clarity on how data quality in the
literature review was evaluated/considered and it would be useful to include a Klimsch code or
similar approach to evaluating published literature data quality. The Panel also recommended
consideration of additional sensitivity analyses that use something other than the majority
classification ranking.

Public Comments

Dr. Willett stated that the validation study evaluates the reliability or reproducibility of the assay and
the use of compounds with limited information is equal to testing an unknown with an unknown. She
noted that in vivo validation assays are not dependent on this range of reference compounds. The
default assumption is that the animal study is applicable to all chemicals, unless there is a reason for it
not to be and the in vitro method is the opposite. Perhaps there are physical properties of the assay
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itself that may limit its applicability. The disparity between the two approaches is stark and may be
prejudiced.

Validation Study Data and Results

Dr. Allen provided information on the validation study data and results. He stated that all records are
publicly available and all of the original data were submitted to NICEATM as Microsoft Excel® and
GraphPad Prism"” files. They are readily available electronically for anyone. The study consisted of
four phases, ultimately testing all 78 substances in at least one laboratory and testing 53 substances in
three laboratories (52 in the Japanese laboratory due to Phenobarbital being unattainable). He
discussed the DMSO control results and the E2 reference standard data. Fold induction was calculated
on agonist test plates by dividing the highest average RLU value from the E2 reference standard by
the average DMSO control RLU. Differences in solubility testing only impacted three substances in
the data set, where androstenedione, 2-sec-butylphenol, and fluoranthene had some discordant results
among the laboratories because of the starting concentration that was chosen for comprehensive
testing. Cell viability assessment was not evaluated when assessing discordance among laboratories.

Dr. Allen stated that Phases 2 and 3 included agonist testing for 53 coded test substances at XDS and
ECVAM (31 and 33 positive results, respectively; XDS had 10 negatives and 12 inadequates;
ECVAM had 13 negatives 7 inadequates). Phase 4 included 25 additional substances to round out the
list of 78 tested at XDS (7 positives, 14 negatives, and 4 inadequates). Antagonist testing resulted in
very few positives, many negatives, two inadequates at XDS and ECVAM, and one at Hiyoshi.
Among the 25 additional substances there are 4 positives, 20 negatives, and 1 inadequate.

Dr. Allen outlined the data quality aspects of the study. Both XDS and ECVAM conducted their
studies according to Good Laboratory Practices (GLPs). The Japanese laboratory (Hiyoshi) used
procedures based on principles of GLP that are outlined in the ISO 9000 standards. Laboratory
reports contained the QA statements and any findings associated with those laboratory audits, and the
NICEATM project coordinators also served as a secondary QA of data that were imported into the
graphical software.

Plate acceptance criteria were established based on results generated in reference standards and
control wells. Protocol standardization in the first phase of the validation study, as well as Phase 2,
where historical data were generated, included acceptance criteria based on the historical databases.
Dr. Allen said that high plate failures, 61 percent for agonists and 38 percent for antagonists, occurred
in the first part of Phase 2 and some were an indicator of poor-quality data. The plate acceptance
criteria were reconsidered, particularly the agonist E2 ECs, and the methoxychlor RLU control value,
in addition to the antagonist raloxifene ICs, and the flavone control RLU values. The qualitative and
quantitative outcomes for test plates that met all acceptance criteria versus those that failed to meet
one or more of the acceptance criteria were considered. Analyses showed that there were test plates
whether they met criteria or not, where the answer was the same, i.e., E2 ECso and the methoxychlor
RLUs, in addition to, for the antagonist assay, the raloxifene ICs, and the flavone control RLUs.
These were dropped as acceptance criteria and the changes were incorporated in the subsequent
phases of the validation study. The impact of changing those acceptance criteria showed a reduction
in percent failures for Phase 2a (61 percent failures to fewer than 30 percent failures). Similarly,
Phase 2b plate failure rates for the antagonist assay were reduced by half. Phases 3 and 4 showed
marginally decreased failure rates.

Substances were classified as positive, negative, or inadequate. Inadequate data were identified based
on those substances that did not meet decision criteria for either a positive or a negative response.
This classification was always due to poor-quality data that could not be interpreted because of major
qualitative and quantitative limitations. Normally these substances would be retested, but this exercise
was actually retrospective.
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Panel Discussion (Data and Results)

Dr. Levine suggested bridging the CERI STTA and BG1 methods under a common protocol and to
verify the performance of the assay and the performance standards that are in the BRD, perhaps
slightly changed based on recommendations of the panel.

The Panel noted typographical errors, suggested edits, and identified points needing clarification in
Section 4 of the BRD, which are detailed in Appendix A. The Panel agreed that the data for studies
used to evaluate the accuracy and reliability of the BG1 method appeared to be provided. The
interlaboratory studies of the BG1 method conducted by NICEATM, JaCVAM, and ECVAM have
been included in the accuracy and reliability assessments provided in the BRD. The Panel noted that
the NICEATM-ICCVAM question asking if all known relevant data for all studies used to evaluate
the accuracy and reliability of the BG1 method had been provided to the Panel is misleading. The
Panel questioned if sufficient data from other screens that add to the support of a particular finding
have been included, i.e., has there been enough consideration of results from ER binding,
uterotrophic, etc. to address accuracy.

The Panel suggested that potency evaluation and relative comparisons of potency to reference
substances would be useful and that suggested statistical tests of trend be included in the evaluation of
a positive call. The Panel recommended that the test results should include: characterization of
activity in addition to a positive/negative call, identification of the scale of measurement needed to
compare tests, and evaluation of descriptive endpoints vs. continuous. Users of the test method should
consider diagnostic testing as an example of comparing results from multiple tests. The Panel agreed
that evaluation of the data resulting from the BG1 method requires further attention because analyses
described often involve some transformation of the response relative to control responses and the
variability in the control responses appears to be ignored in these constructions. The assumption of no
downturn in the dose-response models implies that some preprocessing of the data points occurs to
remove values that violate this pattern.

The Panel recommended that the criteria for an acceptable concentration response should be
developed to only allow data that is sufficient for concentration response modeling. The current
criteria of three points with non-overlapping standard deviations (SDs) are not sufficient. The Panel
recommended additional discussion of the 4-parameter model to justify its use. The Panel stated that
interpretation of the results should not rely solely on statistics but also on scientific judgment and
should incorporate consideration of the nature and shape of the dose-response relationship and, if
needed, the reproducibility of the response in independent experiments. Criteria should be established
for acceptability of data to estimate potency values. The estimated values for ECsy and 1Cs, are
presented as point estimates without any error being associated with them. There is uncertainty
associated with these estimates, and it should be reported (e.g., confidence interval).

The Panel agreed that there was adequate documentation showing that coded substances were tested
and experiments were conducted without knowledge of the identity of the substances being tested.
This was critical for the evaluation of reliability and accuracy.

Public Comments

Dr. Willett stated that similar issues were discussed when interpreting the results from the CERI
STTA validation study. The committee implemented a relative potency index that related the ECsy of
a test chemical to the ECsy of 17-beta-estradiol. Instead of getting just a positive/negative result, there
was a definite spread that could be divided into classes.

Panel Discussion (Data Quality)

The Panel noted typographical errors in Section 7 (Data Quality) of the BRD, which are detailed in
Appendix A. The Panel suggested that the BRD should include: availability of audit results, statistical
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evaluations, and methods for calculations; a time period for requiring this data be stored;
recommendation of a secondary location for data backups.

The Panel agreed that the extent of adherence to national and international GLP guidelines for all
submitted in vitro and in vivo test data and the use of coded substances and coded testing was
adequately presented and that any deviations and alterations to original protocols including use of
coded substances were relatively well described. However, formal training records of laboratory
personnel were not available to confirm compliance with GLPs and Good Cell Culture Practices
(GCCPs).

The Panel suggested that the BRD should include a description of the quality of the reference data,
i.e., data from CERI STTA, data used to generate the ICCVAM reference classifications, data from
the uterotrophic assay, and data from the rat ER binding assay. Consideration should be given to
assigning greater weight to certain reference data, and a thorough description of the weighting
methodology should be provided.

The Panel recommended that the responsible personnel for the quality assurance (QA) aspect of the
study should be identified in the BRD. It was not clear to the Panel whether all appropriate QA steps
have been performed. All audits should be documented in an appendix that is part of the BRD. The
Panel asked that the BRD include additional explanation about the aspect of the updated classification
system being developed after testing was complete and substances not being retested.

Test Method Accuracy

Dr. Casey provided background information on test method accuracy and the interpretation of results.
A retrospective analysis was performed due to the way the decision criteria were originally laid out.
The criteria were intended to estimate an effective lowest observed concentration based on a dose-
response curve. The curve reaches a point that is statistically different than control, which equals a
difference in response. The criterion for that threshold was three times the standard deviation of the
DMSO control (three times above the DMSO baseline). Theoretically, the signal is above
background. The characteristics of this type of classification system are that any value above that
threshold constitutes a positive response. Any value that is statistically different than the DMSO
control was a positive. If all the values were below that line, the test substance was a negative. There
are some curves that cannot be classified because they are really close and those are called equivocal.
Many of the curves should probably not passed quality control, but the protocol did not allow the
laboratories to exclude those. There was no quality metric around the data themselves. All the quality
metrics were set around the DMSO controls, with the assumption that once the DMSO controls were
adequate that should imply good-quality data for the rest of the plate.

Dr. Casey explained how the new decision criteria were determined. The two issues that were driving
this issue were the high background and the variability with the data. Historical data were reviewed
and the commonalities for clearly positive test results were evaluated. That evaluation showed that a
general S-shaped curve with three non-overlapping data points on the slope was the common aspect.
This was applied to all the other data, even the data that have high variability and if the substances
were not positive by these criteria or negative by the other criteria, then were inadequate and the call
could not be made. The criteria that were determined for what a positive should be in this assay is a
dose response: positive slope, a peak or a plateau, and three data points with non-overlapping
standard deviations. The other criterion, an amplitude of 2000 (20 percent of the E2 reference), is
associated with the amount of noise at the baseline. Anything below that is negative response.

Panel Discussion

The Panel recommended that the primary comparison for the BG1 method should be the accepted
reference method (CERI STTA) and this comparative analysis should be in Section 5.0 of the BRD.
The Panel agreed that the ICCVAM reference consensus classification is an excellent additional
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reference method for assessing the accuracy of the BG1 method and is essential due to deficiencies in
the CERI data.

The Panel stated that there is no definitive way to assess the performance/accuracy of a screening
assay. Therefore, this kind of novel comparison is useful, and the comparative results are good
enough. The endorsement of a screening assay cannot be based on strict correlation to any one other
method, but should be judged on a weight-of-evidence approach that includes all performance
comparisons, the repeatability results, and scientific judgment regarding the biological relevance of
the test system.

The Panel provided additional commentary on accuracy. BG1 method accuracy should be discussed
in terms of how the BG1 method performance statistics compare to previously endorsed in vitro test
methods. Demonstration of “agreement” between the two data sets (e.g., comparison of ECsy and ICs,
values with reference data using regression) should use more appropriate methods than regression
(e.g. Bland-Altman Plots and Limits-of-Agreement). Accuracy analyses should be based on results
from individual labs along with a consensus classification determined based upon a “majority
approach” using the three testing laboratories.

The Panel stated that a validation based upon unequivocal classifications might result in overly
optimistic assessments of test method performance. The accuracy of the method in the validation
should use unequivocal reference classifications from multiple test systems that have passed specific
data quality measures, as was performed. This increases confidence in the results by eliminating
questionable responses, positive or negative. The “accuracy” assessment for a screening assay can
only be approximated, especially one without sufficient comparative data from a similar assay.
Substances that result in equivocal reference classifications may provide additional insights in to
aspects of the test method. Comparing the new test method with other methods is reasonable and
indices of accuracy should be calculated only with data that meet certain quality control measures. If
the data included in the ICCVAM classification do not meet these criteria they should not be used.
Reference method data quality is an uncertainty for all of the reference methods used in the BRD
because reference data quality is not provided in Section 7.0. Therefore, this criterion should not be
imposed unfairly on these additional analyses. Use of data from other methods for comparison could
be questioned since they may not be truly measuring the same biological impact. Accordingly,
emphasis should be placed on describing the different purpose of the various tests, their advantages
and disadvantages (the document should include a single section to provide these detailed
explanations).

The Panel stated that assessment of biological impact is an admirable goal, but mechanisms are not
fully understood. The indices of accuracy for assay performance have been used in all previous
validation study analyses, and the BG1 method should not be subjected to different criteria. For
example, the concordance of the BG1 method with the rat ER binding assay exceeds that for other
assays endorsed as scientifically valid by validation authorities.

The potential for the assay to identify a greater portion of false positives (agonist testing) or false
negatives (antagonist testing) than indicated in the results should be mentioned (due to low number of
negative test substances). This is not seen as any reason for not endorsing the method for use in a test
battery or other weight-of-evidence approach, but is important for users to understand. The
contingency tables used to generate the summary statistics should be included in the document.

The Panel recognized that the original test criteria were inadequate and revisions had to made
throughout the study. Although this should not be a precedent going forward (optimal decision
criteria should be selected a priori), the Panel acknowledged that changes made were performed in an
appropriate manner.
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The Panel agreed that the BG1 method is effective for generating data, in an amount and of a
scientific value that is at least equivalent to the data generated from existing tests (i.e., U.S. EPA
Endocrine Disruptor Screening Program Test Guideline OPPTS 890.1300: Estrogen Receptor
Transcriptional Activation [CERI STTA]). The Panel concluded that the BG1 method protocol is an
improvement over the CERI protocol given the extent to which the BG1 method protocol was
standardized and optimized. Additionally, the Panel stated that ER binding assays indicate high
concordance and therefore suggest that the outcomes of the stably transfected ER TA assay can
provide reliable information about the biological effect of chemicals mediated by ER-ligand
interactions. However, there appear to be sufficient data to consider replacing the rat uterine cytosol
ER binding assay with the BG1 method. The Panel recommended that NICEATM and ICCVAM
identify and use other available rat uterine cytosol ER binding data for these comparisons (i.e.,
substances beyond the 78 tested in the BG1 validation study). As an additional activity, the Panel
recommended an evaluation of recombinant (human and animal) ER binding assays as a replacement
for the rat uterine cytosol ER binding assay note.

Public Comments

Dr. Lynn congratulated the Panel for the expertise and diversity represented by the members. He
stated that the rationale and discussion about the qualifications and the guidelines was well done.

Dr. Laessig addressed the Panel’s discussion on whether or not to recommend replacing one assay
with this one. This assay in particular is very oriented toward looking at human health because of the
way the system has been designed. But the EPA screening battery also needs to take into account
ecological effects. Some assays may be redundant but could provide useful information both human
and ecological effects.

Additional Panel Discussion

The Panel continued general discussion of the various Panel-generated answers to the questions
provided by NICEATM and ICCVAM concerning the information in the BRD. The Panel approved
all of the answers subject to general wordsmithing.

Adjournment

Dr. Vandenbergh adjourned the Panel for the day at 5:25 p.m., to reconvene at 8:30 a.m. on
Wednesday, March 30, 2011.
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WEDNESDAY, MARCH 30, 2011

Call to Order and Introductions

Dr. Vandenbergh called the meeting to order at 8:30 a.m. and asked Panel members and other
participants to introduce themselves. Dr. Stokes again read the conflict of interest statement and
reminded the Panel that each person had signed the appropriate form.

Test Method Reliability

Dr. Allen provided a synopsis of the reliability section (Section 6) of the BRD. He defined reliability
as a measure of the degree to which a test method can be performed and is calculated by intra- and
inter-laboratory reproducibility and inter-laboratory repeatability. Reliability is based on the
reproducibility of the reference standards and controls of the reference substances themselves within
and between laboratories.

Dr. Allen discussed the intra-laboratory reproducibility of reference standards and controls, i.e., the
agonist DMSO control RLU values and the antagonist DMSO control and E2 control RLU reference
values. He explained that 12 substances were tested three times at all the three labs in Phase 2 and
that there is 100 percent agreement within each laboratory for each of the three repeat tests for both
agonists and antagonists. Similarly for inter-laboratory reproducibility, there was data from Phases 2
and 3 for substances that were tested in all three laboratories. Only those substances that produced a
definitive result in at least two of the three laboratories were used for the reproducibility analyses. In
agonist testing, two-thirds of the laboratories got the same answer with regard to positive-negative
calls. There was 100 percent agreement across all labs for antagonist testing. For Phase 3, 83 percent
of the substances had agreement across the laboratories in the agonist phase. For antagonist testing,
most of the substances tested produced agreement among the laboratories, with only three instances
showing discordance.

Panel Discussion

Dr. Mihaich initiated the discussion on test method reliability (Section 6 of the BRD) and presented
the Panel with the questions proposed by NICEATM. The Panel concluded that not enough data were
presented to ensure that a thorough analysis of intra- and inter-laboratory reproducibility had been
adequately evaluated. Many of the figures in the BRD do not adequately present the variability
associated with the test method and in fact may confuse variability with outliers and these sources of
variability should be explored using appropriate methods, e.g., comparison of CVs and formal
statistical analyses for evaluating variance components. The Panel stated that reproducibility had been
addressed on three data levels: raw data (e.g., DMSO control measurements), derived endpoints (e.g.,
ECs), and prediction of estrogenic activity. The analysis is descriptive but no statistical testing was
performed which avoided sample size, power issues, and definition of equivalence margins. The
Panel agreed that while this approach is acceptable, there are some issues that require additional
discussion:

* Criteria used for determining what is an appropriate way to characterize intra- and/or
inter-laboratory variability could include comparisons to established test methods that
have been considered acceptable.

e Variability of ECs, estimation needs to be summarized in Section 6 of the BRD.
Summarizing ECs, values from different compounds using plots, summary statistics, or
agreement measures would provide further insight into the overall variability and
reproducibility of the assay, e.g., compare the BG1 method reproducibility to
reproducibility of similar test methods (e.g., CERI STTA).

e CERI STTA analysis of variance components provided components that could be useful
for a direct comparison. This includes calculating the mean and standard deviation of
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logECs to complement the current analysis and to allow for a more direct comparison to
the analyses of other assays that also included these calculations (e.g. CERI STTA).

* Sensitivity of analyses to assumptions that are made should be investigated.

* Assessment of reproducibility might be too optimistic by excluding substances from
reproducibility analysis for which definite results were not determined.

* Rationale for selection of the substances used to evaluate intra- and inter-laboratory
reproducibility should be more clearly described in the BRD.

Public Comments

Dr. Clark stated that there are variants with unknowns that you are trying to assay, and it is unknown
exactly how the biological mechanism works. Members of the Panel discussed further variants such
as DMSO controls, reference standards, and ECs, values.

Additional Panel Discussion

Dr. Stokes added that ICCVAM has not published strict criteria that define what is acceptable
reproducibility between and within a laboratory. There is inherent variability in test systems and
variability due to differences in laboratory operations. The goal is to determine whether the variability
is reduced sufficiently to get the same type of response back even with that background variation.
ICCVAM does not define what is acceptable and not acceptable but wants to know how variability
impacts the outcome of the assay.

Other Studies

Dr. Casey stated that Section 8 of the BRD provided summaries of other publications that related to
the BG1 method. He said that numerous chemicals have been tested in this cell system, not
necessarily with this particular protocol, in addition to the 78 chemicals that have been tested in this
study. Although there are no published reports that this assay is being considered for validation, the
test method is being evaluated in the Tox 21 effort (the high throughput testing 1536-well plate
format) at NIEHS. Researchers are obtaining a threefold induction, and feel that the test method is
highly transferable from 96-well plate format to the high-density plate format.

Panel Discussion

Dr. Borgert initiated the discussion on the BRD’s presentation of other studies and presented the
conclusions of the Panel. The Panel unanimously agreed that all the relevant data identified in
published studies that employ this test method have been adequately considered. The Panel suggested
obtaining QSAR-based predictions for ER binding from the literature on some of the validation study
chemicals to evaluate a comparison to the BG1 and rat ER binding results.

Public Comments
There were no public comments.

Animal Welfare
Panel Discussion

Dr. Borgert provided the leadership on the discussion of animal welfare. The Panel concluded that
further discussion was required to determine the extent to which the test method will reduce, refine,
or replace animal use. In order to fully understand how this method will impact the 3Rs, there needs
to be a better overview of the EPA EDSP Tier I screening battery and the proposed context into
which this test method will fit in terms of the overall testing scheme. Additional discussion of the
following topics would provide additional ways that a validated BG1 method could contribute to
reducing animal use:
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* Determine whether the BG1 method will be performed prior to- or simultaneously with-
the other in vitro and in vivo assays

* Define the implications for possible Tier II testing, which will likely incorporate
significant animal use

The Panel stated that comments provided in the EPA’s 2011 budget state their intent to phase out the
EDSP and to include high-throughput ED-detecting assays in the ToxCast screening battery, which
should lead to reductions in animal use for regulatory testing in the long term. The BG1 method will
probably contribute to the development of this screening battery. The Panel also determined that a
major problem with in vitro ED testing and the EDSP screening battery is the lack of an in vitro
method to evaluate metabolism. The inclusion of a metabolism component as part of any in vitro/in
silico ED test battery will provide a more biologically relevant assessment of ED activity. Since there
are many in vitro metabolism methods being used in drug development and being used for in vitro
testing of other toxicity endpoints (e.g., genotoxicity), the importance of including metabolism as part
of all future studies on in vitro ED assays should be mentioned in Section 9.0 of the BRD.

The Panel was concerned that implications of BG1 method validation in the EU and Japan were not
mentioned in the BRD. ED chemicals are substances of very high concern (SVHC) in the REACH
testing program, and validated in vitro methods have the potential to reduce animal use in these kinds
of large testing programs. REACH-type programs are also being adopted by Asian countries, so the
availability of validated in vitro and in silico methods to screen/prioritize chemicals for these testing
programs has the potential to reduce animal use. Additionally, following validation, the development
of in vitro ED assays into an OECD TG will broaden their potential for reducing animal use. The
Panel agreed that concordance of the BG1 method with the rat cytosol ER binding assay of 97% and
based on 33/34 test substances suggests the BG1 method can “replace” the rat ER binding assay
within the EDSP Tier 1 battery (and similar test batteries). The Panel believes that the excellent
concordance of the BG1 method exceeds the “performance” of other methods that have been
endorsed as scientifically valid. Additionally, an assessment based on 34 test substances could
provide sufficient confidence (power analysis could be conducted to confirm).

The Panel stated that the excellent concordance of the BG1 method with the rat uterotrophic assay
(92%, 12/13) indicates that the BG1 method is an excellent candidate assay for replacing the
uterotrophic assay, and thereby reducing animal use. The small data set, however, is not sufficient to
recommend endorsement of the BG1 method as a replacement at this time. Therefore, the Panel could
recommend the BG1 method as a high priority for additional studies. Retrospective analyses may be
sufficient. If necessary, a prospective study could be conducted to further compare these methods,
preferably by identifying additional materials already evaluated in the uterotrophic assay. /n vitro
metabolism must be included as part of the prospective component of this study. Also, since the BG1
method was already subjected to an extensive interlaboratory study, consideration for an abbreviated
assessment (e.g., 1-2 laboratories) should be considered to reduce time and costs.

The Panel provided the following text as a possible concluding paragraph for Section 9 of the BRD:

The development of a battery of in vitro and in silico methods that can totally replace animal
testing for detecting chemicals that have the potential to cause an adverse effect interact with the
endocrine system is a biologically complex problem. For example, a method for the assessment of
metabolized test substances need to be included with the in vitro assays, and assays for assessing
the many modes of action of EDs on various tissues and species need to be developed and
validated. The experience derived from validating and using the in vitro BG1 method is expected
to contribute to our knowledge and promote progress toward this goal. It should lead to the
broader use of cell-based methods for ED screening, and could include the use of cells from other
species.
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Public Comments
There were no public comments.

Practical Considerations

Dr. Casey stated that some of the practical considerations of the test method are 1) it should be
considered as part of a weight of evidence approach even though it does not replace animal use, 2) it
is a possibility that the test method may replace the rat uterine cytosol assay, and 3) it is extremely
important to have well trained personnel that operate under a GLP environment.

Panel Discussion

Dr. Borgert led the Panel discussion on practical considerations and provided a list of practical
considerations that should be addressed:

* Provide better clarification regarding the availability of the BG-1 cell line which has not
been placed in a public repository; efforts should be undertaken to do so or to otherwise
ensure the continued availability of the cell line.

* Employ a less subjective cytotoxicity assessment than the current visual method to
improve transferability and implementation of the method by laboratories.

*  Associate costs of equipment and supplies with the date they were acquired.

The Panel agreed that the level of training and expertise required to conduct the test method are
reasonable for its wide use and that the protocol should recommend the need for adherence to GCCPs
and GLPs in order to minimize variability.

Public Comments

Dr. Clark stated that one of the reasons that XDS developed the test method was to get dose response
data that could be used to set doses in animal studies and reduce the number of animals used in range
finding tests.

Dr. Willett stated that it might be appropriate for the Panel to make recommendations for improving
the use of this BG1 method regardless of how it compares to the rat uterotrophic, assay, for example.
One of those recommendations might be to explore the use of different metabolism systems with the
BG1 method. This has implications more broadly for in vitro assays and might be included in
recommendations for future studies. Additionally, considerations for measuring the actual
concentration could be part of the recommendations. She also suggested that general
recommendations that the Panel could make regarding changes in future validation exercises that
might facilitate the validation of these types of assays. She acknowledged this kind of validation
exercise cannot be physically be done for all of approximate 300 ToxCast assays but any
recommendations in terms of improving the evaluation process would be very helpful.

Additional Panel Discussion

Panel members discussed the use of the acronym EDs (i.e., endocrine disruptors) and asked whether a
new acronym should be used (e.g., EAC, endocrine active chemical).

Dr. Jacobs said that the use of the term ED and endocrine disruption for assays, which only assess
possible interaction with the system, has caused the FDA problems. They should be called potentially
interactive substances. She does not believe that endocrine disruptors and an adverse in vivo effect
can be defined in an in vitro assay.
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The BG1Luc ER TA Test Method Draft Recommendations on Usefulness and
Limitations

Dr. Casey presented a restatement of what was contained in the BRD and listed the ICCVAM
recommendations.

* [ICCVAM proposes that the BG1 ER TA test method can be used as a screening test to
identify substances with in vitro agonist activity. This use is based on an evaluation of
available validation data and corresponding accuracy and reliability. ICCVAM concludes
that the accuracy of this assay is at least equivalent to the current ER TA included in the
regulatory testing guidance.

* ICCVAM proposes that the BG1 ER TA test method can be used as a screening test to
identify substances with in vitro antagonist activity. This use is based on an evaluation of
available validation data and corresponding accuracy and reliability.

¢ ICCVAM recommends that the protocols in the BRD that the Panel has reviewed should
be used in any further testing with this cell system.

* There are some of the limitations that have been identified: test substances must be
soluble in DMSO, cannot react adversely with DMSO or cell culture media, and cannot
have endogenous luminescence or naturally inhibit luciferase activity.

* ICCVAM states that the concordance of this assay is similar with that of the rat uterine
cytosol assay and the BG1 ER TA test method has potential replace the rat uterine
cytosol assay.

Panel Discussion

The Panel agreed that based on the overall test method performance, as presented in the BRD, the
BG1 method is capable of identifying substances as potential in vitro ER agonists and antagonists,
provided the acceptance criteria described in the recommended test method protocol are met. In
addition, accessibility to the cell line still needs to be resolved, which clearly can impact the future
use of this assay, including as a screening test in a contract laboratory setting.

The Panel suggested that additional analyses could be performed that would strengthen the
understanding of how well this screen performs compared to the current CERI STTA assay and
within the battery as a whole. It is important that all efforts have been made to make use of the data
that are available before additional laboratory work is conducted. The Panel agreed that the assay can
be used as a screening test to identify substances with in vitro estrogen agonist properties and can be
used in place of CERI STTA for regulatory testing but recommended additional reliability analyses
(which may lead to revising draft ICCVAM recommendations pending their outcome).

The Panel also agreed that the assay could be used as a screening test to identify substances with in
vitro estrogen antagonist activity although error rates may not be precisely estimated in the antagonist
assay nor necessarily representative of the population of chemicals that may be tested.

Public Comments

There were no public comments.

The BG1Luc ER TA Test Method Draft Recommendations on Future Studies
Panel Discussion

Dr. Casey presented the Panel’s recommendations for future studies. He stated that the Panel agreed
that the available data supported the ICCVAM draft recommendations for the BG1 method in terms
of the proposed future studies. In addition to the proposed studies, the Panel recommended that
additional future studies should include:

e Efforts to validate the utility of the current cytotoxicity evaluation
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* Searches for fully-defined media to replace FBS

e Attempts to account for compound metabolism/activation

* Conversion of the BG1 method (+/- metabolism) into a HTS assay format for use in
ToxCast and other screening programs

The Panel stated that the concordance of the BG1 method with the rat cytosol ER binding assay
suggests that the BG1 method and binding assays produce similar results. Regulatory agency
clarification is needed to determine if both assays are necessary.

Public Comments
There were no public comments.
Additional Panel Discussion

Additional discussion included comments on who would actually perform future studies. Dr. Stokes
stated that any recommendations relevant to advancing the usefulness and limitations of this assay are
appreciated. Who carries out that work depends on who has the resources, as well as if it is a federal
agency, where they have the statutory authority to do such work. Research agencies in the federal
government can carry on R&D type work, but that does not preclude a non-government organization
from performing such work as well. He said that the BG1 cell line is currently available through a
commercial entity. Performance standards were developed for evaluating commercially available
methods or those with some intellectual property rights associated with them. For agencies to endorse
a method that is copyrighted, trademarked, or sold by a commercial firm, the basis by which that is
considered acceptable must be stated so that anyone else can create a similar model and know what
criteria it has to meet to also be considered acceptable. It is important to understand that perspective
on the availability of the test. This method has been published in the open literature as to how the cell
line was created, so that others could do that if they wanted to.

The BG1Luc ER TA Test Method Performance Standards

Dr. Casey stated that the performance standards are used to evaluate the accuracy and reliability of
other proposed test methods, sometimes referred to as me-too methods. If they can meet these criteria,
then they are considered functionally equivalent to the BG1 assay. The performance standards include
the essential test method components, all critical aspects of the assay, a list of reference substances to
be tested, and a defined set of accuracy statistics or of metrics to use for accuracy and reliability to
insure that another method is the same as the current method.

The essential test method components include: a human ovarian cell line, stably transfected with
luciferase; an appropriate solvent; test substance concentration up to one millimolar for agonist
testing and up to ten micromolar for antagonist testing; a minimum of seven concentrations at log ten
intervals; an evaluation of cytotoxicity; the use of reference standards, weak and positive controls,
and solvent control.

He said that the interpretation of results is not a statistical approach but an empirical approach. If a
positive curve is observed, then the ECsy should be calculated if possible. The criteria for the
antagonist tests include testing a ten-micromolar limit concentration and performing an I1Csq
calculation if possible.

These are 34 proposed reference substances and all should be tested as coded materials. Performance
of the BG1 method requires significant training to become proficient. In order to demonstrate
equivalence, test as many chemicals as possible. All laboratory personnel should treat every chemical
like it is E2 to avoid contamination issues and high variability. Discordant results with a new test
compared to the BG1 method should be discussed in terms of the ability of the test methods to detect
a similar range.
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Panel Discussion (Performance Standards)

The Panel assessed the adequacy of the performance standards adequate for assessing the accuracy
and reliability of test method protocols that are based on similar scientific principles and whether
those methods measure the same biological effect as the BG1 method. The following concepts were
proposed by the Panel and should be addressed in Section 1 of the BRD.
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The ‘intended purpose’ for the assay in the context of the screening battery has not been
directly defined. The lack of clear purpose for the assay has profound implications for the
setting of performance standards. Without a clear purpose, only provisional performance
standards can be set. The detailed technical comments of the Panel should be understood
in the context of this provisional nature. In turn, issues related to cytotoxicity concerns
and assay performance, including the number of known negatives evaluated, are
intimately related to the setting of performance standards and must be understood in the
context of the provisional nature of the validation effort.

A statistically significant difference between control and treated is an inadequate
delimiter of agonist response. This is readily apparent from the chemicals deemed to
produce positive responses. For example, both the 890.1300 assay and the BG1 assay are
said to produce a positive response with methyltestosterone. Does this mean that
methyltestosterone is to be considered an estrogen agonist, a ‘potential” estrogen agonist,
or something else? Or, is some distinction being made between “ . . . the ability of a
chemical to function as an ERa ligand and activate an agonist response, . . .” and . . . the
ability of a chemical to function as an ERa ligand and estrogen agonist.” In other words,
has the validation effort made a distinction between a chemical ‘activating an agonist
response’ versus actually functioning as an agonist? If so, what is the qualitative and
quantitative relationship between a chemical that activates an agonist response and one
that is actually an agonist? These questions need clarification before any meaningful
validation can ensue.

For example, the 20% cutoff for cytotoxicity might be a good standard if the purpose of
the assay were to identify chemicals with potential to activate an agonist response, and an
agonist response in this assay had been defined as intrinsic activity and potency at the
ERa at least 25% and 5%, respectively, relative to 17-estradiol (percentages not to be
taken as a recommendations, but merely for the sake of interjecting sufficient detail to
make the point clear). With that type of clear, detailed definition of “agonist response,” it
would then be possible to determine whether the performance criteria for the assay were
adequate for assessing the accuracy and reliability of the test method.

Intrinsic activity is the ability of a drug-receptor complex to produce a maximum
functional response. Intrinsic activity is sometimes used interchangeably with efficacy;
however, intrinsic activity refers to a cellular response whereas efficacy is more often
used in the context of a clinical response. Assuming equivalent pharmacokinetic
parameters and affinity, a drug with greater intrinsic activity would be expected to have
greater efficacy. Affinity is a measure of how tightly a drug binds to a particular receptor,
and is often defined by the dissociation constant. Potency is the intensity of effect
produced per unit of drug, and is a function of intrinsic activity and affinity.

Neither the BG1 nor 890.1300 assay measures a complete agonist response, defined as a
chemical that binds to an estrogen receptor in a cell and triggers an estrogenic response
by that cell. Instead, these assays measure the first two steps of an agonist response at the
alpha subtype of the estrogen receptor (ERa) via an artificial construct that couples
binding and activation of the receptor complex to a reporter construct, for the BG1 assay,
the enzyme luciferase. Activation of luciferase is not a normal physiological response of
estrogens; hence, this step is not considered a component of estrogen agonist activity.
Because neither the BG1 or the 890.1300 assay measures a bona fide agonist action,
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validation would require defining both qualitatively and quantitatively the relationship
between the stated purpose of the method and the activity actually measured by the assay.
This relationship has not been characterized, quantitatively or qualitatively, for either the
BG1 or the 890.1300 series assay.

Panel Discussion (Essential Test Method Components)

The Panel determined that the justification for some of the essential test method components is not
clear and recommended clarification of the following points be addressed in the BRD:

* The most critical point for the type of cell line used is that it should include the
appropriate “machinery.” The specific tissue source, cell type, and species may not be
critical.

* Explain why the maximal concentrations were suggested.

* Explain why log10 spacing of seven concentrations is needed.

*  Address the evaluation of cytotoxicity and how modeling of the possibility of such a
response could also be considered.

*  Explain why 20% of maximal response is the cut-point for significant response.

* Address how a test of negative trend might be preferred to the suggestion of “three points
with non-overlapping error bars.”

* Define what the error bars correspond to (e.g., standard deviations, standard errors, half-
width of confidence intervals). Use of non-overlapping confidence intervals is a
conservative way to declare difference between parameter and better guidance is needed
on this.

Panel Discussion (Reference Substances)

The Panel stated that in general, the criteria used to select the performance standards reference
substances are adequate. However, one could question the appropriateness of defining reference
substances as positive based upon >50% of ER TA studies indicating a positive response. Given that
the quality of reference data has not been detailed the Panel cannot definitively determine
appropriateness of the reference substances.

The Panel agreed that the list of reference substances upon which to evaluate the performance of
functionally and mechanistically similar test methods would be considered adequate if there were
more negatives and proportionally fewer positives in the list for agonist testing. The list has
reasonable overall diversity and reflects the extensive effort to obtain relevant information. There are
enough substances to lend sufficient robustness to an assessment. There is a good range of estrogenic
activity over several orders of magnitude, as well as a few confounders to assess the robustness of the
assay and methodology. There may be an opportunity to revisit the list of reference substances and
make modifications based on experience gained in the assay Including discordant chemicals on the
reference substance list is important because they are critical for truly characterizing the limitations of
the assay. The potent estrogens on the reference list should not be missed and there could be some
tolerance for discordance for the weaker acting reference substances. Any discordant results should
be discussed in terms of the ability of the test method to detect a similar range of potencies and
intrinsic activity and chemical/product classes.

Panel Discussion (General Comments)

The Panel determined that the number of repeat experiments to evaluate intra- and interlaboratory
reproducibility appeared to be a good starting point for evaluation of the test method. The
intralaboratory assessment (based on at least three tests with 12 chemicals) and the interlaboratory
reproducibility assessment through one trial (three laboratories) allowed for ‘real world’ evaluation of
the methodology on the validation reference set of materials. The Panel recommended that the BG1
method should use a range of accuracy (or perhaps the lowest %) and include a metric of potency and
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intrinsic activity in the accuracy evaluation (a measure of uncertainty needs to be included). There is
also a need to establish tolerance to the vehicle (ideally at least 1%). The test report should include
potency and sensitivity analyses based on ECs, values (agonist) or ICs, values (antagonist).

Adjournment

After the discussion, Dr. Hayes adjourned the Panel for the day at 5:31 p.m.
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Federal Register Notices and Public Comments

Federal Register notices are available at https://www.federalregister.gov/

69 FR 21564 - In Vitro Endocrine Disruptor Test Methods: Request for Comments and
Nominations (No public comments received)

71 FR 13597 - Notice of Availability of a Revised List of Recommended Reference
Substances for Validation of In Vitro Estrogen and Androgen Receptor Binding and
Transcriptional Activation Assays: Request for Comments and Submission of /n Vivo and
In Vitro Data (No public comments received)

74 FR 62317 - Evaluation of In Vitro Estrogen Receptor Transcriptional Activation and /n
Vitro Cell Proliferation Assays for Endocrine Disruptor Chemical Screening: Request for
Nominations for an Independent Expert Peer Review Panel and Submission of Relevant /n
Vitro and In Vivo Data

76 FR 4113 - Announcement of an Independent Scientific Peer Review Panel Meeting on
an In Vitro Estrogen Receptor Transcriptional Activation Test Method for Endocrine
Disruptor Chemical Screening; Availability of Draft Background Review Document
(BRD); Request for Comments

76 FR 23323 - Meeting of the Scientific Advisory Committee on Alternative Toxicological
Methods (SACATM)

76 FR 28781 - Independent Scientific Peer Review Panel Report: Evaluation of the
Validation Status of an /n Vitro Estrogen Receptor Transcriptional Activation Test Method
for Endocrine Disruptor Chemical Screening: Notice of Availability and Request for Public
Comments (No public comments received)

Scientific Advisory Committee on Alternative Toxicological Methods (SACATM)
Comments: SACATM Meeting on June 16-18, 2011
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71 FR 13597
Notice of Availability of a Revised List of Recommended Reference Substances for
Validation of In Vitro Estrogen and Androgen Receptor Binding and Transcriptional
Activation Assays: Request for Comments and Submission of In Vivo and In Vitro Data

(No public comments received)
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Appendix E3

74 FR 62317
Evaluation of In Vitro Estrogen Receptor Transcriptional Activation and In Vitro Cell
Proliferation Assays for Endocrine Disruptor Chemical Screening: Request for
Nominations for an Independent Expert Peer Review Panel and Submission of Relevant
In Vitro and In Vivo Data

Public Comments Received in Response to 74 FR 62317: Available on request from NICEATM
* Nancy Flournoy (University of Missouri)
e Keith Houck, PhD (National Center for Computational Toxicology, U.S. EPA)
¢ Robert C. Renner (Water Research Foundation)
* Keith Houck, PhD (National Center for Computational Toxicology, U.S. EPA)
* M Pilar Vinardell (Universitat de Barcelona)
¢ Joanne Zurlo, PhD (The National Academies)
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76 FR 4113
Announcement of an Independent Scientific Peer Review Panel Meeting on an In Vitro
Estrogen Receptor Transcriptional Activation Test Method for Endocrine Disruptor
Chemical Screening; Availability of Draft Background Review Document (BRD);
Request for Comments

Public Comments Received in Response to 76 FR 4113: Available on request from NICEATM

* Catherine Willett, PhD (People for the Ethical Treatment of Animals) and Patricia L.
Bishop, MS (People for the Ethical Treatment of Animals)
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76 FR 23323
Meeting of the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

Public Comments Received in Response to 76 FR 23323: Available on request from NICEATM

* Nancy Beck, PhD (Physicians Committee for Responsible Medicine) and Samantha
Dozier, PhD (People for the Ethical Treatment of Animals)

¢ Matthew Stoner, PhD (CertiChem, Inc.)
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76 FR 28781
Independent Scientific Peer Review Panel Report: Evaluation of the Validation Status
of an In Vitro Estrogen Receptor Transcriptional Activation Test Method for Endocrine
Disruptor Chemical Screening: Notice of Availability and Request for Public

Comments

(No public comments received)
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Appendix E7

Scientific Advisory Committee on Alternative Toxicological Methods (SACATM)
Comments
SACATM Meeting on June 16 - 17, 2011

Minutes from past SACATM meetings are available at:
https://ntp.niehs.nih.gov/events/past/index.html?type=SACATM
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Appendix F

Relevant Endocrine Disruptor Regulations and Testing Guidelines

Table of Relevant Endocrine Disruptor Test Regulations...........cceeeveeveiieeiieniieenieeeieeeveeene F-3

EPA Endocrine Disruptor Screening Program Test Guidelines OPPTS 890.1300: Estrogen
Receptor Transcriptional Activation (Human Cell Line (HeLa-9903)) (October 2009)........... F-7

OECD Test Guideline 455: Stably Transfected Human Estrogen Receptor-a Transcriptional
Activation Assay for Detection of Estrogenic Agonist-Activity of Chemicals (Adopted
SePtemMDEr 2009)......cccuiiiieiieiieieeie ettt et et e s e e b e et e e rbeabeeese e saesaenseenreans F-33

Weight of Evidence Guidance: Evaluating Results of EDSP Tier 1 Screening to Identify
Candidate Chemicals for Tier 2 Testing (Draft for Public Comment)..........cccccceeeeveeeveennnen. F-51
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Appendix F1

Table of Relevant Endocrine Disruptor Test Regulations

Note to the Reader:
Regulations may be updated in the future. It is recommended that users review the most current
version of all regulations identified.

Electronic versions of United States Code (U.S.C.) can be obtained at:
http://www.gpoaccess.gov/uscode/index.html

Electronic versions of the Code of Federal Regulations (CFR) can be obtained at:
http://www.gpoaccess.gov/cfr/index.html
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Endocrine Disruption Testing:
Relevant US Federal Laws, Regulations, Guidelines, and Recommendations

Agency, Regulated Statutory Safety . Guidelines and
Center, or . Regulations .
Products Requirements Recommendations
Office
Federal Food,
Drug, and
Cosmetic Act
(U.S.C. Title 21, .
Chapter 9) None Specific to Ig}iiigiigc
FDA/CDER | Pharmaceuticals Endocrine . ’
. . Guidances, or
Disruption Recommendations
Public Health
Service Act
(U.S.C. Title 42,
Chapter 6A)
Chemicals as Toxic Substances
defined by Control Act
Section 5 of the | (U.S.C. Title 15,
Act Chapter 53)
Federal
Insecticide,
Fungicide, and None Specific to
EPA/OPPTS Pesticides Rodenticide Act Endocrine OPPlg 080990)'1300
(U.S.C. Title 7, Disruption
Chapter 6)
. Federal Food,
Deleterious D
rug, and
substances C i Act
dded to food osmetic Ac
a (U.S.C. Title 21,
346a)
Federal
Hazardous None Specific to No .Spe'mﬁc
CPSC Consumer Substances Act Endocrine Guidelines,
Products (U.S.C. Title 15, Disruption Guidances, or
Chapters 1261- p Recommendations
1278)
Occupational .
Safety and Health None Specific to giiigiggc
OSHA Chemicals Act of 1970 Endocrine Guidances c’)r
(U.S.C. Title 29, Disruption i
Recommendations

Chapter 15)
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Relevant Endocrine Disruption Regulations and Guidelines
Europe
Agency,
Center, or Regulated Products Regulations and Directives
Office
Substances and Mixtures No Specific Regulations or Directives
EU Pesticides No Specific Regulations or Directives
Chemicals No Specific Regulations or Directives
Relevant Endocrine Disruption Regulations and Guidelines
International
Organizations | Regulated Products | Guidelines, Guidance, and Recommendations
GHS Chemicals No Specific Guidelines, Quldances, or
Recommendations
1SO Medical Devices No Specific Guidelines, Guldances, or
Recommendations
OECD Chemicals OECD Test Guideline 455 (2009)
ICH Pharmaceuticals No Specific Guidelines, Guldances, or
Recommendations

Abbreviations: CDER = Center for Drug Evaluation and Research; CFR = Code of Federal Regulations;
CPSC = U.S. Consumer Product Safety Commission; EC = European Community; EEC = European
Economic Community; EPA = U.S. Environmental Protection Agency; EU = European Union; FDA = U.S.
Food and Drug Administration; GHS = Globally Harmonized System of Classification and Labelling of
Chemicals; ICH = International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use; ISO = International Organization for Standardization; NA = not available;
OECD = Organisation for Economic Co-operation and Development; OPPTS = Office of Prevention,
Pesticides and Toxic Substances; OSHA = U.S. Occupational Safety and Health Administration; US = United

States; U.S.C. = United States Code

F-6




Appendix F — Relevant Regulations and Guidelines

Appendix F2

EPA Endocrine Disruptor Screening Program Test Guidelines OPPTS 890.1300:

Estrogen Receptor Transcriptional Activation (Human Cell Line (HeLa-9903))
(October 2009)

EPA Health Effects Test Guidelines are available at:
https://www.epa.gov/test-guidelines-pesticides-and-toxic-substances/series-870-health-

effects-test-guidelines
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Appendix F3
OECD Test Guideline 455: Stably Transfected Human Estrogen Receptor-a

Transcriptional Activation Assay for Detection of Estrogenic Agonist-Activity of

Chemicals
(Adopted September 2009)

OECD Test Guideline 455 is available at:
https://www.oecd-ilibrary.org/environment/test-no-455-performance-based-test-guideline-
for-stably-transfected-transactivation-in-vitro-assays-to-detect-estrogen-receptor-agonists-

and-antagonists 9789264265295-en
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Appendix F4

Weight of Evidence Guidance: Evaluating Results of EDSP Tier 1 Screening to Identify
Candidate Chemicals for Tier 2 Testing
(November 2010: Draft for Public Comment)

Available at: https://ntp.niehs.nih.gov/iccvam/docs/endo_docs/erta-tmer/appxf/f4-epa-edspguidance-
drnov2010.pdf
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